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1  INTRODUCTION 
 
1.1 Background and Statement of the Problem 
 
One of the most important tasks in planning for the economic development of 
developing countries is being able  to promote different economic sectors 
appropriately in order to contribute towards effectively  solving social, 
economic and other related problems. It is highly crucial that this issue  be 
considered, due to the fact that the pace of development is often constrained by 
the resources available for development.   This situation also certainly implies 
that not all economic sectors can be equally promoted. A sound and appropriate 
development strategy, focusing on the promotion of the efficient and prospective 
production sectors, is, therefore, required for achieving the intended 
development goals. Regarding this issue, the way in which the potential 
activities or sectors believed to provide great advantages to the whole economy 
are determined, becomes the important part of the efforts in which the 
developing countries place a major hope of finding solutions to their social- and 
economic-related problems.  
 
It has been widely  recognized that the concept of intersectoral linkages provides 
an important contribution in understanding the internal structure of the 
economy, which is highly  crucial in tracking down the sectoral role. According 
to [Hirschman, 1958, p.101], intersectoral linkages play an important role in 
initiating and transmitting the process of economic development and 
diversification of the sectoral structure of the economy. Therefore, to achieve 
the best possible result and optimal allocation of resources, it is recommended 
that the investment should be more concentrated in the sectors with a high 
degree of linkages. It is assumed that these kinds of sectors potentially provide 
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greater effects for the whole economy by inducing other sectors to grow [Hazari, 
1970,  pp. 301- 305]. This suggestion is strengthened by the fact that the process 
of economic development is often driven only by a small number of so- called 
“leading” or “key” sectors. The promotion of these efficient sectors for future 
economic development will provide a leading role for a sustained economic 
growth and thus reduce the probability of slowdown leading to an economic 
crisis.  
 
The linkage approach provides a valuable insight into the interdependence of 
different sectors of an economy, and, more importantly, is very useful if it is 
directed towards the empirical identification of key sectors as potential areas for 
achieving more economic growth in an economy [McGilvray, 1978, p. 56]. The 
identification of a key sector itself emanates from the idea of supporting  priority 
determination for the sectoral allocation of resources, which is  very commonly 
involved in and closely linked to the planning for economic development. 
Accordingly, sectors can be clustered into different groups based on their degree 
of linkages, which  can be further used as a basis for assigning sectoral priority. 
Based on the historical data, the degree of sectoral interdependency can be 
examined transparently in order to produce information corresponding to the 
sectors responsible for the economic growth during the period under study.  
Combined with the analysis of  the past and the current situation of the 
economy, it also makes possible a prediction of  the emergence of certain 
problems in the future.  Obviously, the linkage concept has been recognized as 
playing  a crucial role, and thus provides substantial contributions towards 
guiding the appropriate strategies for future economic development.  
 
There is no doubt about the general agreement on the recognition of the 
importance of the linkages among sectors for  stimulating  economic growth, as 
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shown by the concept of intersectoral linkages having  attracted a considerable 
interest in planning for economic development. Various methods designed for 
measuring linkages have been developed. These  are mainly directed towards the 
identification of so-called “strategic” or “key” sectors of the economy. Although 
there is general recognition of  the importance of linkages, unfortunately, until 
recently, there was neither a standardizing method nor a generally accepted 
consensus regarding the ways in which key sectors should be identified [Cella, 
1984, p. 73]. No matter what method or set of procedures  is used in the 
identification of key sectors, the main issue always involves the explicit 
determination of sectoral linkages based on the application of an input-output 
technique.  According to [Hewings, 1982, p. 173], the linkage approach has 
been, until recently,  the most commonly accepted method for the determination 
of the key sectors of an economy. However, it is also very frequently argued that 
the linkage approach is too simple and too crude as an empirical method for the 
identification of the key sectors of an economy, due to inherent limitations that 
can seriously affect the empirical results.  Given the limitations inherent in the 
existing methods, a more appropriate method for defining and identifying key 
sector is desirable. Such an approach seems to be an adequate response to 
resolving  the deficiencies of the existing methods, and thus provides more 
realistic meaning and broader perspectives, particularly with regard to  
interpreting the notion of the key sectors of an economy.  
 
The empirical results from the identification of the key sectors of the economies 
of  developing countries reveal that the existing methods seem to be less 
satisfactory and to suffer from some conceptual limitations.  The drawbacks are 
mainly caused by the difficulties and the inappropriateness in interpreting the 
notion of a key sector as an above-average contributor to the economic growth. 
In general, the existing methods consider only the degree of intersectoral 
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linkages and disregard other relevant criteria corresponding to sectoral 
performances.  For example, the criteria associated with  employment-
generation, income distribution, foreign earnings, competitive advantage, 
regional development and environmental issues are not taken into consideration, 
despite the fact that most development programs intended to achieve these goals 
[Mc. Gylvary, 1978, pp. 52ff.].   As the development approach shifts from 
focusing on growth towards sustainable development, the relevancy of the 
conventional methods for key sector identification becomes questionable, due to 
over simplification when  representing the situation.  This implies that the 
measure of linkages is not suitable anymore as the only criterion to be taken into 
account in defining key sectors of the economy. The danger of applying these 
conventional approaches is evident, as it may result in a  counter-intuitive 
decision that contradicts with the intended goals, and thus may provide a 
misleading guide for future economic development policy. These limitations 
clearly underline the need for the improvement of the existing methods through 
the development of a more appropriate approach towards  defining and 
identifying key sectors and thus resolving  the weaknesses  of the existing 
methods.  
 
Adopting the concept of sustainable development, the notion of key sectors 
should refer to a sector or a set of sectors of the economy that satisfy the 
predetermined criteria associated with  the development goals to be realized.  
Considering the complexity and comprehensiveness of the problem, the most 
appropriate procedure for the identification of key  sectors would appear to be 
the application of a multi-criteria decision making model. Accordingly, key 
sector identification can be seen as a problem of selecting or ranking  sectors 
that meet the predetermined criteria corresponding to the intended development 
goals. However, in a real decision situation, it is very common that the nature of 
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such a decision becomes more complex, due to the existence of conflicting 
objectives, a hierarchical structure of criteria and the presence of quantitative, 
qualitative, as well as imprecise information. Such a decision situation implies 
that the classical multi-criteria decision making methods are inappropriate for 
dealing  with the problem effectively, and, therefore, an alternative and more 
appropriate approach for the definition and identification of the key sectors of an 
economy is required.  The alternative method should be aimed at resolving the 
limitations of the existing conventional methods and, more importantly, must be 
able to deal  with the imprecision inherent in human judgement, particularly in 
the measurement of the corresponding criteria.  
 
1.2 Objectives of the Study 
 
The main objective of the study is to propose a new alternative approach as the 
resolution of the weaknesses of the conventional methods for  defining and 
identifying the key sectors of an economy. The main concern behind this work is 
how to develop a decision aid to help in interpreting the notion of the key 
sectors of an economy that appear best suited to the sectoral promotion policy 
for supporting  the planning activities for economic development at national 
level, particularly in  the case of developing countries. This descriptive model is 
developed through the extension of the existing concept of the key sector, by 
introducing some new, basic considerations for the need to involve other 
relevant criteria associated with  the intended development goals in the model. 
Instead of exclusively focusing on a mechanical manner, by quantifying the 
linkage effects, the notion of the key sector will be newly defined, allowing  the 
consideration of other relevant or strategic criteria believed to play a crucial role 
in determining the sector’s performance. By applying fuzzy sets theory in the 
field of multi-attribute decision making, this study aims at developing a more 
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appropriate approach for key sector identification, particularly in dealing with 
multiple goals of development and inherent imprecision. It is expected that the 
fuzzy multi-attribute decision making approach developed in this work could 
give  a broader, more comprehensive perspective and produce more realistic 
meaning than the existing methods so far employed.   
 
Under consideration of  the intended development goals, the proposed method 
will be applied for the empirical identification of the key sectors of an economy, 
using data for Indonesia. The selection of strategic criteria used in this study is 
based on findings of previous studies and a-priori assumptions about factors that 
are most likely to affect the decision. The results delivered from the 
identification process are deemed very valuable for directing the path of future 
economic development and in assessing whether the development strategy 
pursued in Indonesia benefits  from the promotion of the key sectors. Although 
it can be carried out at any level of sector aggregation, due to difficulties in 
getting the necessary data, the assessment of quantitative and qualitative 
information regarding criteria responsible for key sector determination is carried 
out at the higher aggregated level of 26 sectors. A comprehensive appraisal of 
key sectors, based on a lower level of sectoral aggregation, is beyond the scope 
of the present study. 
 
1.3 Organization of the Study 
 
Chapter one outlines a brief summary of the background of the study, mainly 
focusing on the problem of the key sector identification of an economy, the 
objectives to be achieved and the organization of the study.  
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The discussion about the general characteristics of developing countries, 
constituting  social, economic and other related problems, is described in chapter 
two. A summary of the efforts of developing countries in developing their 
economic backwardness, including some related issues concerning the strategy 
of economic development and the challenges to future development, will be 
presented in this chapter. The primary purpose of this chapter is to provide the 
basic knowledge and background for the empirical studies on the economic 
development, and thus serve as the theoretical foundation of the study. 
 
Chapter three provides a review of the concept of intersectoral linkages, 
particularly focusing on its application for the key sector identification of an 
economy. It begins with the introduction of an input-output model and some 
basic concepts related to the measurement of sectoral linkages, which commonly 
can be associated with  the empirical identification of key sectors of the 
economy. The theoretical foundations for the justification of linkage 
measurement as the sole criterion for key sector determination, leading to 
priority assignment for resource allocation, will be presented in this section. 
Some of the previous empirical works on measuring linkages, the problems 
encountered in interpreting the notion of the key sectors and the suitability of the 
existing methods for key sector identification will be carefully reviewed in this 
section.  
 
The fuzzy sets theory and its applications, mainly as a tool in dealing with 
imprecise information or fuzziness in the decision making process, is outlined in 
chapter four. This section comprises the introduction of the concept of fuzzy 
sets, the basic and extended operation, the aggregation operation and the 
selection of aggregation operators for decision making in a fuzzy environment.   
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A brief review of the general method of multi-criteria decision making, 
including the description of some MADM methods, is presented in chapter five.  
Moreover, this section  also deals with  decision making in a fuzzy environment, 
something which is very often found in real-life problems.  The sources and type 
of fuzziness, the advantages of applying the fuzzy sets theory to decision 
making in a fuzzy environment and a review of some fuzzy-MADM methods 
are also outlined in this chapter. 
 
Chapter six deals with  general information about the development of the 
proposed method, a fuzzy multi-attribute decision making approach, which 
should serve as an alternative method for defining and identifying the key 
sector(s) of an economy. It begins with the  formulation of the problem, 
followed by the construction of the decision model.  A fuzzification process of 
the measured criteria is then carried out to enable fuzzy information processing 
with a rule base inference  system.   Finally, the defuzzification process of   the 
aggregated criteria is accomplished in order to make possible  the ranking of the 
alternatives. 
 
Chapter seven describes the application of the developed model for the 
empirical identification of  the key sectors of an economy in the case of 
Indonesia. Firstly, a brief review of the Indonesian economy in the recent past 
and  efforts to develop  its economy are  summarized.  Special attention is paid 
to the process of economic planning, industrialization policies and strategies 
pursued by the Indonesian government until recently. As the development 
approach shifts from focusing on growth towards sustainable development, the 
notion of the key sector also needs  to be newly redefined and extended beyond 
the classic measure of linkages. The application of the developed method as  a 
more suitable approach for  dealing with the problems of key sector 
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identification is then  the main part of this chapter. One of  the most important 
parts of this chapter is the empirical findings resulting  from the identification of 
the key sectors of the Indonesian economy by applying the developed method. 
Based on the results obtained from the study, the possible implications for the 
current and future economic development policies in Indonesia are discussed.  
 
Chapter eight presents the conclusions of the study.  Some recommendations for 
further research are also presented in this chapter. 
 10 
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2 ECONOMIC DEVELOPMENT IN DEVELOPING COUNTRIES 
 
2.1 The Stages of Economy Development 
 
There were some efforts to differentiate countries according to their similarities; 
such as their  stage of development, their level of per capita income or their 
geographical location. For instance, different institutions use different criteria to 
group countries according to their level of development. For operational and 
analytical purposes, The World Bank [www.worldbank.org/data/databytopic/ 
class.htm]  uses the value of the Gross National Income (GNI) per capita to 
classify countries in different groups, namely, low-income, middle-income and 
high-income countries. This linguistic  classification can further be defined 
quantitatively as follows: A low-income economy is characterized by a  value of 
per capita GNI of less than 755 US$, lower middle-income (756 – 2,995 US$), 
upper middle- income (2,996 – 9,265 US$) and a high-income economy has a  
GNI of more than 9,266 US$.  
 
The Economic and Social Council of the United Nations (ECOSOC) uses a 
more sophisticated and comprehensive measuring system for determining the 
group of least developed countries -  those that are deemed structurally 
handicapped  in their development process. The Committee for Development 
Policy of the ECOSOC [www.unctad.org/ldcs/LDCs/ Index.html], in its latest 
triennial review in 2000, proposed criteria to be used for determining the new 
list of least-developed countries, comprised of  a low-income criterion, a human 
resources weakness criterion and an economic vulnerability criterion. The low-
income criterion is based on a three-year average estimate of the gross domestic 
product per capita (under $900 for inclusion, above $1,035 for graduation). In 
addition, the Augmented Physical Quality of Life Index (APQLI) is used to 
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indicate the human resource weakness criterion referring to  composite 
indicators of nutrition, health, education and adult literacy. Finally, an Economic 
Vulnerability Index (EVI )  is used as single indicator associated with  the 
economic vulnerability criterion.  The EVI itself represents a composite index 
based on indicators of the instability of agricultural production, the instability of 
exports of goods and services, the economic importance of non-traditional 
activities (share of manufacturing and modern services in GDP), merchandise 
export concentration,  and the handicap of economic smallness, as measured 
through the population with a logarithm. Different thresholds are used for 
inclusion in and graduation from the list. A country qualifies to be added to the 
list of least- developing countries if it meets the inclusion thresholds in all three 
criteria. A country qualifies for graduation from the list if it meets the graduation 
thresholds on a  maximum of  two of the three criteria. 
 
A more common, but also disputable classification, is based on the stage of 
development in which the economy can be classified as a  developing and 
developed economy.  This classification is widely  used despite the general 
understanding that even the most developed countries are still undergoing 
development. Thus, there is difficulty in drawing  the line between these groups 
due to the absence of a single criterion, referred  to as the aggregated indicator 
of a country’s development.  Until recently, there was  no accurate measurement  
for this classification, but there is a common  convention among institutions.   
For example, it is very convenient to refer to low- and middle-income countries  
as developing countries and to high-income countries  as developed or 
industrialized countries. The use of these terms  is convenient and it is not 
intended to imply that all economies in the groups are experiencing similar 
development or that other economies have reached a preferred or final stage of 
development.  
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Considering the variety, complexity, and pervasiveness of development 
problems, Rostow in [Rostow, 1960, pp. 3ff.] provided a historical perspective 
as a means for understanding the process of development of a nation.  He argued 
that the stage of economic development of a nation can be generally 
characterized into one of the following five stages, namely the traditional 
society, the pre-condition for take-off, the period of take-off into sustained 
growth, the development to the mature stage and the period of mass 
consumption. Moreover, this differentiation also provides a clear interaction 
between economic development and political-institutional maturity of a nation, 
and is thus very useful in analyzing the stage of the economic development in 
different countries including social and political consequences of the economic 
changes.  
 
2.1.1 The Traditional Society 
 
A traditional society is one whose  structure has developed within limited 
production functions, based on very traditional science and  technology, 
including  the attitudes towards the physical world.  The economy is dominated 
by the traditional sector, mainly subsistence agriculture and other primary 
activities employing simple technology for the production activities. The 
production activities are characterized by subsistence, small scale, very low 
productivity and mainly operating  as a family business. Agriculture is  the most 
important sector and production is labor-intensive, using only limited quantities 
of capital. The outputs are mostly consumed by the producers rather than traded.  
Any trading is carried out by barter, where goods are exchanged directly for 
other goods.  At this stage of development, the level of income is very low, close 
to subsistence level, and thus there is little or no scope for saving and 
investment. The social and political structure is characterized by the dominance 
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of family and clan connections [Rostow, 1960, pp. 4-7], [Meier,  1964, pp. 13-
14].  
 
2.1.2 Preconditions for Take-off 
 
The second stage of growth embraces societies in the process of transition in 
which the preconditions for take-off have  developed for transforming the 
traditional into a more modern society by exploiting the fruits of modern science 
to increase productivity. This transitional phase  initially developed as the 
insights of modern science began to be translated into new production functions 
in the economic sectors. At this stage, the economic and social requirement for a 
wider  integration of the market is realized, as characterized by an increasing 
productivity in the agricultural sector and the possibility of opening new markets 
abroad. The external trade is still concentrated on primary products that generate 
surplus and become the main source for saving and investment. The advantages 
in terms of geographical locations, natural resources, social and political 
structures are to be exploited and play important roles during the process of 
change. Briefly, the period of preconditions for take-off is characterized by the 
situation in which the requirements for the take-off and further development can 
be realized. Although the period of transition between the traditional society and 
the take-off involves major changes both in the economy itself and in the 
balance of social values, a decisive feature is  often political.  Politically, the 
building of an effective national state on the basis of coalitions between parties, 
touched with a new nationalism, becomes a decisive aspect of the preconditions 
for take-off period and a  necessary condition for the take-off for further growth.  
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2.1.3 The Take-off into Sustained Growth 
 
As described in [Rostow, 1964, p. 8] the beginning of the stage of take-off into 
sustained growth is characterized by a particularly  sharp stimulus  the first time.   
One or more modern economic sectors with a high growth rate take hold, 
bringing in not merely new production functions, but also  spreading effects on a 
substantial scale. However, there are some basic conditions to be met.  One of 
them is the increase of productive investment from 5 per cent or less to over 10 
per cent of the national income. In addition, the emergence of one or more 
leading sectors with a high growth rate and the existence or quick emergence of 
the structural and institutional readiness of the society to respond to  the growth 
in economic sectors also become  necessary conditions.  More characteristics of  
the take-off stage were added by [Kuznets, 1964, p. 25]  comprising  the 
increase of national income and of per capita income by 0 – 2 % per year and 
accompanied by the emergence of a key sector in manufacturing.  Moreover, the 
take-off should occur in a relatively short period, commonly of a  duration of 
between 20- 30 years [Rostow, 1964, pp. 24-25].  
 
According to [Meier, 1964, pp. 22-23], the following basic factors must be 
present in connection with  the emergence of a leading sector.  First, there must 
be enlarged effective demand for the product or products of sectors as a 
necessary condition for a rapid rate of output growth.  Second, new production 
functions, as well as expansion of capacity, must be introduced into these 
sectors. Third, the society must be capable of generating the capital required to 
initiate the take-off in these key sectors and in the supplementary growth 
sectors. Finally, the leading sector or sectors must be such that their expansion 
and technical transformation induce a chain of requirements for increased 
capacity and the potentiality for new production functions in other sectors.  
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Regarding the strategic meaning of the development process, the take-off is the 
most important stage, featured by the emergence of leading or key sectors as a 
major engine, driving sustained economic development. At  this stage, the 
society will experience  sustained economic growth and be able to overcome the 
obstacles of development, and thus provide better conditions for further 
development. The growth is self-sustaining, as investment leads to increasing 
incomes, in turn  generating more savings to finance further investment. In 
social, political and cultural terms, the take-off  is usually accompanied by the 
evolution of new political and social institutions that support the modernization 
of the economy through industrialization.  
 
2.1.4 The Drive to Maturity  
 
At this stage of growth, the economy has proven its capability to expand, and 
thus makes possible the sustainability of  further economic growth.  This stage is 
achieved mainly through the exploitation of new or modern production 
techniques for using  the available resources efficiently.  This stage of 
development is also characterized by the increase in the investment rate to 10 - 
20 % of the population income and a rate of economic growth higher than the 
rate of population growth.  The economic sectors become more differentiated 
into new areas, with new leading sectors gathering momentum to take over the 
role of the older leading sectors of the take-off period, and the technological 
innovations provide a diverse range of  investment opportunities [Rostow, 1960, 
p. 58]. The economy is producing a wide range of goods and services and there 
is less  dependence on imports. In general, this stage of economic growth has a 
duration of 40 years.  
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2.1.5 The Age of High Mass Consumption 
 
The full satisfaction of the basic needs of all populations in terms of products 
and services is the main characteristic of the age of high mass-consumption. The 
consumer durable industries flourish and the service sector becomes 
increasingly dominant. During this stage of growth, the leading sectors shift 
towards durable consumer goods and services, which become more dependent 
on demand factors than at the earlier stages. A possible direction for further 
development to be chosen could be  to achieve  military power or the wealthy 
nation could  search for a better quality of life in terms social security, freedom 
and education.  
 
According to the above characterization, the current industrialized countries can 
be grouped into the fourth and fifth stage and the undeveloped countries, 
according to their achievement in the development process, into the first three 
stages. 
 
2.2  General Characteristics and the Common Problems of Developing 
Countries 
 
2.2.1 General Characteristics of Developing Countries 
    
The developing countries can be more specifically characterized by their 
economic backwardness that is commonly associated with a  low income and 
standard of life or other forms of underdevelopment. The cause and nature of the 
problems faced by developing countries are complex, multi-dimensional and 
interrelated, which  can commonly be attributed to economic, social, 
technological and environmental concerns.  Low income, and thus a weak 
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purchasing power, of  most of the population in developing countries become 
the main obstacles to satisfying the basic needs as well as to the  investment 
needed for further development. The high growth rate of the population and an 
unskilled labor force make the problem of unemployment  complicated, which 
may lead to  mass poverty in many developing countries.  The existing 
employment problems comprises  disguised unemployment in the agricultural 
and other primary sectors in rural areas and open employment in urban areas.  
Moreover, the structure of open economy makes the economy of developing 
countries  very susceptible to the external change in international trade, which 
may result in a  deficit of foreign earnings. Due to the complexity, 
interrelatedness and multi-dimensionality of the problems of development in 
developing countries, some of these problems have  remained unresolved until 
recently.  
 
For many decades, most developing countries have tried to develop their 
backwardness by setting up a number of development programs as  part of their 
efforts to find solutions to the aforementioned problems. These development 
programs are generally concerned with  sectoral development and structural 
adjustments for meeting  the intended goals in the environment with their 
conflicting criteria of choices. Most of the developing countries accomplish their 
development program through industrialization. The promotion of industrial 
sectors is preferred,  due to their representing  a higher stage of production than 
agricultural or other primary sectors, as the productivity of labor in the 
manufacturing sectors tends to be considerably greater than that in the 
traditional sectors. Therefore, for many developing countries, the manufacturing 
sectors represent virtually the only hope of greatly increasing labor productivity 
and raising the population income, and thus even sometimes considered to be  
the key to solving the poverty and unemployment problems [Myrdal, 1956, p. 
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226].  The conviction of  pursuing an  industrialization program as a model for  
economic development is strengthened by the spectacular results from the 
economic achievement of developed countries, in which the promotion of 
industrial sectors has become the major engine for  sustained economic growth 
and rise in the income level. This leads to the conclusion that the promotion of 
the industrial sector through industrialization is the most prospective and 
feasible solution for the economic and other related problems faced by 
developing countries.  
 
Considering the interrelation between existing problems and the development 
goals to be realized, the policy of economic development should be directed 
towards finding solutions for these problems simultaneously. Accordingly, the 
development programs should be aimed at a comprehensive approach for 
solving the problems of unemployment, poverty, regional disparity, economic 
growth and environmental conservation.  
 
2.2.2 The Common Problems of Developing Countries 
                   
As earlier described, the roots of the economic problems in developing countries 
are very complex and interrelated, but the main source can be attributed to the 
low income and standard of living of  most of population. This problem creates 
a vicious cycle between income, saving, investment, production capability and, 
at the same time, causing other related problems. Therefore, to solve the existing 
social and economic problems, the cycle should be cut, for example, through 
investment activities aiming at improving the welfare of the population. In line 
with this perspective, the promotion of productive sectors is becoming one of 
the options for achieving sustained economic growth leading to the 
improvement of income and standard of life for most of the population.  
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Efforts to escape from economic backwardness have been made for many 
decades in developing countries, through different approaches and strategies 
aiming at solving the economic and other related problems. Most of them have 
focused on achieving more growth for gross social products, which is believed 
to be  a key factor for providing a better income for the growing population 
[Addicks and Bünning, 1979, p. 9].  Unfortunately, high growth rates in 
production output cannot always  be associated with the high performance 
achievement for  other development goals, such as in terms of employment, 
income distribution, productivity, foreign earnings and environmental 
preservation.  Even some of these goals are mutually exclusive. This situation 
becomes a source of difficulties and certainly also causes a dilemma for many 
developing countries in  finding a  solution to  their problems that satisfies  
different development goals simultaneously. From this point of view, it is 
necessary to search for the appropriate strategy that promotes the efficient and 
productive sectors for  future economy development. The existing natural and 
human resources, competitive advantages, size of the domestic market, terms of 
trade and other related factors should be considered as the main determinants for 
choosing a suitable development strategy to be pursued. However, it should be 
noted that the suitable development strategy best suited for the economic 
development may be country-specific, due to it being  largely determined by the 
stage of the economic development, the objectives to be achieved, resources 
availability and general macro-economic conditions in the country concerned.  
 
Since the early  1960s, a number of developing countries, that have for a long 
time been confronted with massive and growing unemployment problems, have 
recognized the importance of including employment objectives in their 
development plans. The problem of unemployment in developing countries is 
very real, and thus  requires a basic change in the development approach, as  
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awareness of the  unemployment problem grows. Very often this has been  in 
the form of an aggregate employment target corresponding to the creation of 
new employment opportunities for preventing  a worsening of the employment 
problem.  However, most of these countries have also recognized that, even by 
setting a minimum target, the increase of new employment opportunities would 
not be sufficient to cope with the spiraling growth of the labor force. 
 
In an economy with a perfect labor market, the sectoral employment is supposed 
to have a similar pattern to  the sectoral structure of production. However, this 
situation is very rarely    found in the case of developing countries, which are 
generally characterized by an imbalanced  structure between the different sectors 
of the economy in terms of production and employment. Although the 
employment figures  in the primary sectors have dropped  as the role of the 
respective sector in production has decreased, their growth rate was lower than 
in the secondary sectors. It  becomes clearly evident  that, in the primary sectors, 
the structural change in production output is faster than in terms of employment.  
In the growing secondary sectors, the opposite direction  occurs.  The growth 
rate of sectoral employment in secondary sectors is lower than the growth in 
terms of sectoral production. While consciousness of the employment and 
income distribution problems has grown, the development programs have not 
yet succeeded in developing detailed strategies of implementation and in 
identifying the specific policy instruments which could deal effectively with 
these problems. A more appropriate development policy is therefore required to 
strengthen and to balance the production and employment structures of the 
economy of developing countries [Djoyohadikusumo, 1994,  p. 147].   
 
It has often been commonly argued that the basis for economic development 
aiming at improving income and increasing the standard of life of the population 
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is an industrialization process through the promotion of the modern sectors, in 
particular manufacturing. Even most of the decision makers in developing 
countries believe  that industrialization has become a necessary condition for 
achieving sustainable economic growth and, thus, is suitable for solving the 
problems faced by developing countries. Bryce in [Bryce, 1960, pp. 5ff.] argued 
that economic development through industrialization or the promotion of 
industry sectors is seen also as the most rational choice in achieving a more 
modern structure of the economy. These convictions lead to the justification 
that, in the long term, the continuing industrialization process in developing 
countries is becoming the fastest and most viable way to sustain economic 
growth and to achieve the goals of economic development [Timmermann, 1982, 
pp. 169ff.].  
 
However, it should be noted that the industrialization process is not the only way 
to solve those problems, particularly when the economy is still at an  early stage 
of development, as characterized by low activities in the industrial sectors 
[Bryce, 1960, pp. 4-5]. The excessive concentration of development in the 
industrial sectors at the cost of the other sectors can result in a misleading path 
and unsustainable development in the future. From this point of view, 
industrialization should not be seen as the ultimate goal of development, but as 
one  possible means to realize different development goals. For example, if the 
nation’s economy is still at  the early stage of development, the improvement of 
productivity in the agricultural sector may become one of the most solid means 
for achieving development goals. However, agricultural improvements cannot 
go very far unless there is industrial development that takes up the released 
manpower and provides  a solid technical base to a modernized agriculture. The 
industrialization could only contribute to solving unemployment problems and 
provide a net contribution to the national income under the condition that the 
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unemployed people could not be used more productively in agriculture or in 
some other sectors.  Moreover, it is also a prerequisite that the rate of growth of 
the  industrial sector should be higher than that of agriculture. 
 
The process and  results of the development led by industrialization in the 
developed countries has been, until recently,  the model for many developing 
countries for meeting their hopes in solving economic, social and other related 
problems. For many developing countries, the way of directing the development 
program, however, can be attributed to the ambition of achieving a fast 
industrialization process, which often has to  be created  at great sacrifice. One 
of the main instruments of this strategy is frequently  associated with the 
introduction of more capital-intensive production technology in the modern 
sectors [Bryce, 1960, pp. 6-7]. The strategy aims at higher productivity and 
output to meet with the increasing needs for products and services of the 
population. Sometimes, this strategy is accomplished even without the need to 
pay enough attention to the circumstances in the  traditional sectors of 
developing countries. The accomplishment of the strategy is based on the 
assumption that a high growth rate of output production only can be achieved by 
promoting the modern sectors and, when required, by ignoring or even 
displacing the inefficient traditional sectors as characterized by low productivity 
and high underemployment [Addicks and Bünning, 1979, p. 32]. In many cases, 
the pursuance of this strategy can be attributed  to the promotion of modern 
sectors into capital intensive activities and the neglecting of traditional labor-
intensive sectors. 
 
Hitherto, the common indicator of the success of the development in developing 
countries has generally been measured by the narrow criterion of sectoral 
performance in terms of aggregate growth rate of the whole economy [Bulmer-
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Thomas, in: Sohn, 1986, p. 109].  Unfortunately, as earlier described, 
development strategy focusing only on high growth is too ambitious and has 
some drawbacks, mainly due to the poor performance in the achievement of 
other goals, such as  employment, income distribution effects and foreign 
earnings. In many cases, pursuing this type of development strategy only favors 
a small number of the population and leaves  most of the others  poor or even 
results in  an  increase of the absolute number of  poor. It is argued [Bryce, 
1960, p. 19] that development focusing only on growth through the promotion of 
industrial sectors may not always be valid for developing countries, due to the 
absence of some necessary conditions, which may further lead to a misleading 
guide in solving social, economic and environmental problems. This 
constellation clearly underlines the need for another alternative strategy which 
also takes into account  other relevant issues, such as the reduction of the level 
of unemployment, poverty alleviation, increasing of foreign earnings, promoting 
of regional development and conservation of the environment.  
 
2.3 The Strategy of Economic Development 
 
There have been some efforts to distinguish between economic growth and 
economic development, while these terms contain different meanings and 
implications.  Economic growth generally refers to the increasing production of 
goods and services in the economy as a result of economic activities. It is 
commonly characterized by an increasing production and income of the 
population, as reflected by an increasing value of the GDP.  This can be 
measured quantitatively and empirically. Economic development, on the other 
hand, has a broader meaning than just that of growth of the output of the 
economy. The notion of economic development combines the meaning of 
economic growth with a number of desired criteria associated with  the goals of 
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the development [Djoyohadikusumo, 1994. pp. 1-2.].  Despite  this distinction, 
there is a common consensus that   economic growth is becoming one of the 
most important criteria for economic development.  In general, these additional 
criteria comprise  the contribution to per capita income, employment 
opportunities, income distribution, foreign earnings, regional development, 
environmental conservation  and the structural change in the economy. This may 
be expressed both quantitatively and qualitatively. Moreover, the notion of 
economic development, also associated with the transformation of the structure 
of the economy, leads to a  more modern and diversified economy. 
 
In principle, a development program should be aimed at finding solutions to the 
problems faced by developing countries through the optimal combination of 
investments, technological and institutional changes and other measures in 
achieving development goals. The achievement of the development programs 
depends, however, to a considerable extent upon the existing economic 
structure, the availability of resources and the stage of economic development of 
the country. In a traditional society, the most important effort may be to bring 
about an initial increase in agricultural productions, value added and income to 
provide some of the institutional requirements for further growth. As the 
economy grows and becomes more diversified, a greater choice of alternatives 
has to be considered, and the consistency of development plans for different 
sectors becomes more important.  
 
According to [Chenery and Clark, 1965, p. 28] the development programs 
generally include setting goals or targets, which may be expressed both 
quantitatively or qualitatively, to be realized through the allocation of the 
available resources. The quantitative objectives may consist of the growth of the 
whole economy, an increase in  the level of per capita income, sectoral growth, 
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saving and investment, and foreign earnings. The common qualitative objectives 
comprise the  achieving of a better employment situation by providing enough 
new employment opportunities, a higher quality of human resources, a fairer 
distribution of income, a reduction of  the disparity of regional development and 
environmental conservation  [Addicks and Bünning, 1979, pp. 17-18]. These 
objectives provide a clear direction for the concrete targets to be achieved in the 
course of economic development. 
 
Regarding  the development strategy in developing countries, there have been  
some attempts to differentiate them into two different main approaches, namely 
balanced and unbalanced development strategy. The choice between balanced 
and unbalanced growth is one of the topics in the theory of economic 
development of developing countries, which has triggered a vast amount of 
controversy. There have been  debates about these development approaches 
which were  triggered by the diversity regarding their  interpretation, definition 
and framework of approach.  These debates generally came to  the conclusion 
that there is  conflict between the two approaches [Mathur, 1971, p. 142 ].  
 
2.3.1 Balanced Growth Strategy 
 
In the discussion about the problem of economic development,  Nurkse [Nurkse, 
1971, pp. 115-127]  suggested a valuable concept in breaking the vicious circle 
of poverty in developing countries. He argued that the availability of capital was  
the essential factor for solving the problem of underdevelopment.  The level of 
supply of the capital is governed by the willingness to save and, on the other 
hand, the demand for it is governed by the incentives to invest. Unfortunately, in 
the case of developing countries, the low level of real income will result in  a 
small capacity for saving  and, on the other hand, the attractiveness to invest 
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may be low because of the small purchasing power of the people due to the low 
level of real income.  Clearly, then,  the low level of real income reflecting a low 
level of productivity is a common point in the circle.  Obviously, poverty can 
also be attributed, to some extent, to the lack of adequate capital, which 
positively correlates to the small inducement to invest as well as to the small 
capacity to save.  
 
To escape from the deadlock of stagnation, he advocated that the size of the 
market should be enlarged and the inducement to invest should be created. If the 
production increases while the income of the population is stagnant, there will 
be not enough market for the goods and services produced by the economic 
sectors. Under these circumstances, the increase of productivity resulting  from 
capital-intensive production may be inhibited by the initial smallness of the 
market. He argued that the technical productivity of capital could be realized in 
economic terms only through balanced growth by enlarging the aggregate size 
of the market and increasing individual investment incentives. 
 
The notion of balanced growth has a special meaning  for many developing 
countries, referring to a particular strategy carried out to modernize their 
economy.  The starting point of the strategy of balanced growth is the 
knowledge that economic stagnation, backwardness and imbalance structure 
between economic sectors, low demand for products and the vicious cycle are  
the main obstacles to the process of economic development in developing 
countries. The relations between agriculture and manufacturing sectors provide 
the clearest and simplest case of balance needed for economic growth.  In a 
country where the farmers are incapable of producing a surplus of foods above 
their own subsistence needs, there is little hope or even no incentive at all for the 
industrial sectors to establish themselves,  due to an insufficient market for 
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manufactured goods.  Conversely, the effort of  improving the agricultural sector 
may be inhibited by a lack of market for agricultural products if non-agricultural 
sectors of the economy are undeveloped. Confronted with this kind of situation, 
it is argued that an effort to break up the stagnation of the domestic economy in 
particular  is required [Timmermann, 1982, pp. 172-172]. The enlargement of 
the market size of the stagnant economy apparently becomes the necessary 
condition for keeping economic growth possible and sustained. The solution 
seems to be a balanced pattern of development via investment in a number of 
sectors simultaneously in order to provide a pattern of mutually supporting 
effects in different lines of production sectors. In the early of development, the 
creation of complementary markets for final goods can be realized through 
complementary investment and the inducement to invest or by the restriction on 
imports and the expansion of exports. 
 
The notion of balanced growth was introduced by Nurkse to demonstrate the 
necessity of balanced growth between different sectors in order to create market 
inducements to invest. This is essential for generating the growth of the whole 
economy under a free-market mechanism [Nurkse, 1971, pp. 115-127]. The 
essential content of the concept of balanced growth consists of three 
propositions, covering how to deal with the need to initiate the process of 
growth, the subsequent pattern of development and the implication of the 
existence of external economies. More importantly, the balanced growth 
approach is generally associated with target setting in key or leading sectors 
[Chenery, 1961,  p. 41] and focuses on the avoidance of bottlenecks and 
attempts to equate the supply and demand of labor and capital. According to the 
doctrine of balanced growth, the emergence of shortages and bottleneck would 
retard the pace of economic growth.  In the case of shortages, the output of final 
production cannot expand as fast it could have if the supply of all required input 
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were readily available. Balanced growth has also been treated as a means of 
achieving greater diversification in the developing countries, which is 
considered to be essential in view of the growing barriers to international trade 
and particularly the resistance encountered by the exports of the primary 
products from developing countries. 
 
According to the balanced growth strategy, in order to stimulate growth in the 
stagnant economy,  investment must be undertaken simultaneously in a number 
of sectors so that the income generated could provide demand for one another’s 
output and thus create inducement for further investment. From this point of 
view, the balanced growth strategy can be seen as a means to accelerate growth 
through establishing a pattern of mutually supporting investments over different 
sectors in order  to create a forward momentum of growth in the whole 
economy.  This becomes the main feature of the balanced growth approach 
aiming at creation of inducement to invest. Recognizing the existence of 
significant interdependence between different sectors of  the economy, it is 
argued that any isolated act of investment would not succeed by itself, due to the 
absence of the complementary effects of horizontal and vertical 
interdependence. Obviously, this phenomenon becomes the main push factor in 
overcoming  the barriers of the stagnant economy and bringing in a more 
dynamic self-sustained growth. The above considerations of the need for 
balanced growth lead to the conclusion that the country must achieve 
advancement  simultaneously over a broad range of activities and that  any 
isolated effort is likely to fail [Gill, 1967, p. 96].  
 
Regarding  the subsequent patterns of expansion, it underlines the importance of 
supply factors and the vertical structure of production in which it should take 
place, in keeping with income elasticity of demand for the product.  The basic 
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idea underlying this proposition is that the supply of all outputs for intermediate 
and final demand must grow at the same rate as demand for them does, and thus 
avoiding a bottleneck.  However, it does not mean simply that under  balanced 
growth, the sectoral output would grow at the same rate.  In reality, the sectoral 
growth of production will depend more on the rate of growth of demand for it,  
whereby  some sectors might grow faster than the others could. The prospective 
demand for goods at the final stage of production can generally be ascertained 
more specifically with  reference to income elasticity of demand for the 
respective products.  In terms of intermediate demand, there may be no strong or 
direct correlation between growth in demand for  a particular product and 
growth of the national income.  
 
Concerning  the existence of external economies, it is implied  that the free 
market mechanism in developing countries is not a reliable guide to a socially 
desirable extent and direction of investment.  In many cases, investment 
decisions are largely influenced by  past price trends and profit margins, which 
do not adequately reflect the potential profitable investment.   Therefore, there is 
concern about the divergence between the inducement to invest, as reflected by 
its current profitability, and the social desirability of investment. The situation 
leads to the conclusion that there is a need  for central coordination of 
investment decision by the government. This centrally coordinated investment 
decision becomes one of the corollaries of the doctrine of balanced growth, to 
ensure the simultaneity of investments in all sectors of the economy which are  
necessary for  maintaining a high growth rate of output.  
 
The balanced growth strategy has provided a constructive idea which is  useful 
for the assessment of the interdependence between different economic 
development problems. It suggests that accelerated economic growth can be 
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achieved through simultaneous, coordinated investment that can be associated 
with planned economies by the central government Accordingly, a development 
program based on the balanced growth strategy  should ideally be accomplished 
through the simultaneous promotion of all economic sectors with  a big push 
force. The theory of a big push is generally associated with the strategy of 
balanced growth and attributed to  the main characteristic of this doctrine.  
However, considering  the real situation faced by developing countries, the 
strategy of big push investment is less realistic and needs some modification to 
be applicable as a development policy.  In many developing economies, the 
general equilibrium theory may not function properly, due to the absence of 
some necessary conditions that prevent the best use of the available resources. It 
should be kept in mind that the effort to change the stagnant developing 
economy into a dynamic growing one simultaneously requires a considerable 
amount of resources, such as capital, human resource and technology which, in 
most developing countries, are still considered scarce. Even if the required 
capital is available, the remaining question is about the readiness of developing 
countries in terms of their institutional infrastructure maturity to meet with the 
conditions for the functioning of balanced growth strategy.  
 
The balanced growth strategy seems inappropriate or  may not even be 
applicable to many developing countries, due to the lack of those necessary 
conditions. Moreover, the experience of developed countries shows more 
evidence that their growth process has been highly unbalanced and thus not in 
tune with the theory of balanced growth. By definition, a country  that has the 
capability to carry out a balanced growth strategy, therefore, can be regarded as 
a non-developing country.  
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2.3.2 Unbalanced Growth Strategy  
 
[Hirschman, 1958]  argued that the economic development in developing 
countries is more constrained by the shortage of decision-making ability, 
particularly with respect to decisions to invest, and therefore, the appropriate 
development strategy would then rely on inducing investment decisions. His 
idea was operationalized through an unbalanced development strategy to 
achieve an economic situation with a more balanced structure. Different from 
the strategy of balanced growth, he advocated that in the case of most 
developing countries, due to the lack of availability of resources needed for 
development,   the investment can not be done simultaneously in all economic 
sectors. Recognizing  the interdependence between sectors, he suggested the 
need of carrying out the development in the opposite direction, in the form of an 
unbalanced growth strategy, by giving more priority to the sector with high 
potential to induce the whole economy to further growth. The rapid advance in 
the growth of certain sector is commonly accompanied by imbalances in the 
form of the emergence of excess supply in some sectors: those that lead ahead, 
and shortages in other sectors: those that lag behind.  The shortages are 
considered to be an  important characteristic of unbalanced growth which play 
an important role in making investment attractive  in the respective sector.  
Faced with  strong market signals, local entrepreneurs would be induced to 
invest, either to supply products that are scarce, or to utilize products which are 
in excess supply [Hirschman, 1958, pp. 99-101]. 
 
Clearly, the strategy of unbalanced growth implies  the need for selection or 
priority determination among sectors to be developed as a response to excess 
supply or scarcity of products. To deal with this issue, the concept of linkages 
emphasizing the causal link between sectoral linkages and economic 
 33
development is introduced as a basis for priority assignment for investment 
decisions. Arguing that the linkages between economic sectors provide a good 
reason for focusing investment or other similar activities in a  particular sector, 
Hirschman advocated the need for the creation of unbalance between different 
sectors of economy as a source for stimulating further economic activities. The 
concept provides a basis for selecting sectors on  which investment or resources 
should be concentrated.  Through the policy of investing in key sectors -  those 
with strong linkages -  it will help to induce  activities in other sectors and thus 
contribute towards   maximizing the growth of the whole economy. Once the 
potential areas for development have been chosen, the available resources 
should then be more concentrated in those sectors for better  results, mainly in 
creating new demand for a number of inputs as reflected in the input-output 
relationship. It should be noted, however, that the selection of sectors chosen as 
leading sectors for growth are largely dependent on the intended development 
goals, the availability of the required resources, and the existence of some other 
favorable factors.  
 
 Hirschman’s strategy certainly implies uneven sectoral growth rates, however, 
it does not  simply mean  that different sectors grow at different rates, but also 
that there is  a process of growth characterized by a continuous imbalance which 
induces investment decisions. The consideration of forward and backward 
linkages brings out the previously neglected effects of one investment on 
investment at earlier and later stages of production. The doctrine of unbalanced 
growth concentrates on generating stimuli for product expansion.  However, it 
tends to ignore or to minimize resistance caused by imbalance, which may lead 
to vested interests of maximizing monopoly gains created by shortages of 
certain products. In the case of developing countries, the strategy of unbalanced 
growth may also result in  a higher economic concentration that may be resistant 
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to overall growth.  However, insofar as unbalance does create desirable 
attitudes, the crucial questions to be answered are about the optimum degree of 
unbalance, where and how much, in order to accelerate growth of the whole 
economy [Meier, 1964, pp.  259-260].  
 
Contrary  to the doctrine of balanced growth, an unbalanced growth strategy 
considers the emergence of a bottleneck as favorable for the  creation of 
unbalance, on the grounds that shortages evoke maximum reliance upon the 
inducement mechanism and thus minimize the use of that scare factor, the 
decision making ability.  If a shortage of certain products or commodities 
emerges, it would raise their price and, hence, the profitability of investment in 
that sector, which will automatically  induce some entrepreneurs to invest. The 
main arguments for adopting unbalanced growth,  in which the available 
resources are more concentrated on the selected sectors can be attributed to two 
categories.  First, it is argued that there are insufficient resources in most 
developing countries to enable broad, simultaneous and coordinated investment 
to take place in all economic sectors, and therefore, it is better to prioritize the 
investment  activities  in sectors that potentially provide the most efficient and 
the highest growth for  the overall economy. Second, it focuses on the 
advantages of exploiting economies of scale through   large-scale production by 
concentrating  resources on so-called “key” sectors. Under such conditions, a 
policy should be directed  towards the choosing  of  an investment strategy 
which uses the limited capital efficiently, and in this case, where  leading sectors 
propagate growth through their linkages to the rest of the economy. 
 
Regarding  the differences between these two mainstreams, Mathur has a 
different point of view.  He argues that there does not need to be mutual conflict  
between the two approaches, and the optimum strategy of development might be 
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obtained by combining some elements of balanced as well as unbalanced growth 
strategy [Mathur, in: Mountjoy, 1971, pp. 142ff.].  However, it should be noted 
that, due to the differences of the  stages of economic growth, the sources and 
the extent of the economic problems, there is no single successful development 
strategy which is generally valid and applicable for every developing countries.  
 
2.3.3 Development Strategy of  A Dual Economy 
 
 
A developing country is also characterized by dualism, a phenomenon  referring 
to  the coexistence of two asymmetrical groups of sectors: traditional and 
modern, both in terms of product and organizational characteristics. Dualism in 
the economy is primarily reflected by the large differences in the technology, 
value-added, productivity, capital-labor ratio and the average wage of labor 
between these two sectors, as a consequence of distortions of labor, products and 
capital markets [Heller, in: Sohn, 1986, pp. 327 - 339]. The subsistence 
agricultural sector is technologically traditional, uses simple methods of 
production with high ratios of labor to capital and land, and yields a very low 
labor productivity.  On the other hand, the industrial sector requires virtually no 
land, but employs a relatively modern or even advanced production technology 
and, thus, is  more capital-intensive, driven by profit motive with a relatively  
high productivity. In terms of economic and social organization, these two 
sectors are considerably different. Agriculture is mostly family-owned and 
industries are commonly  privately or socially owned. Finally, there is the 
difference in location and community organization, where a substantial 
proportion  of the population engaged in agriculture live in dispersed rural areas, 
while non-agricultural activities  take place in relatively urban areas [Ranis, in: 
Chenery and Srinivasan (eds), 1988, p. 74].  
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It is important to consider how dualism is related to, and what influence it has, 
on the pattern of employment [Meier, 1964, pp. 48-49].  It is highly crucial that 
this consideration be addressed, mainly in  efforts towards finding a reasonable 
solution to  the problem of generating adequate employment opportunities for 
the currently unemployed and underemployed people. Underemployment is 
commonly become a dominant feature of densely populated developing 
countries, where the labor forces are continually increasing in line with 
population growth. As the labor supply continues to increase in the traditional 
sectors, it may be possible, initially, to bring more land under cultivation.  But 
subsequently, as the land becomes relatively scarce and labor increasingly 
becomes relatively abundant, the production process becomes ever more labor-
intensive and implies that there will no incentives in the traditional sectors to 
move towards higher labor ratios. This situation creates disguised 
unemployment and produces a surplus of labor in the traditional rural sector as 
indicated by low productivity of labor and very low or even zero marginal 
productivity of labor [Lewis, 1954, pp. 141-142].  Consequently, if the modern 
sectors producing industrial goods offer a higher wage than traditional sectors, 
there will be a movement of workers from traditional sectors to the modern 
sectors. Ideally, the modern sectors should continue to grow until there is no 
more hidden unemployment in the agricultural sector. Unfortunately,  the 
subsequent technical progress favors more capital-intensive techniques in 
modern sectors, and thus implies that employment directly generated by 
expanded activities in these sectors is also minimal.  
 
For most developing countries,  agriculture constitutes a very large, but 
declining proportion both in the share of output production and employment, 
while at the same time, manufacturing begins with a small proportion but  is 
usually expanding more rapidly. As a consequence,    there has been  widespread 
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misconception that  agricultural development is unimportant for the economy of 
developing countries, simply because its relative share of  the whole economy 
declines. In fact, agricultural products are still an essential component of  
consumption for both rural and urban areas and this sector also plays a crucial 
role in providing rural employment and  spreading income among the 
population. Agriculture plays a crucial role in supplying the increasing demands 
of food, generating saving, foreign exchange, including  providing the main 
source of employment  in the early stages of development. Because  agriculture 
dominates the economy of developing countries  in terms of both employment 
and output generation at the  early stage of development, its performance 
becomes the necessary condition for  the further development of the whole 
economy. Therefore, there is no doubt that  the agricultural sector requires  also 
a favorable policy during the development process. 
 
In particular for developing countries, the dual economy model provides a 
significantly better insight  for  understanding the problems of development than 
any aggregative model, due to its reflecting  several vital social and economic 
distinctions of the type of economy being analyzed. Considering the existence of 
dualism of the economy, a comprehensive strategy for national development is 
required, which also implies  the need for a development policy allowing the 
coexistence of these two classes of sectors[Heller, 1986, p. 328].  For developing 
countries, it would probably  not be possible to carry  out industrial development 
without  previous success in promoting the agricultural sector and this clearly 
underlines the need for parallel development of the industrial and agricultural 
sectors. It is better that a development policy in developing countries is designed 
under recognition of   and taking advantage of these economic structures.  The 
concept of dualism development strategy  itself mainly focuses on  improving 
the performance of the whole economy by considering the  linkages between  
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the agricultural and non-agricultural sectors as well as  the normative problem  
of defining development success.  
 
Dual development strategy,  which specifically deals with the dual structure of 
the economy, offers a more promising and comprehensive solution to rural 
unemployment by increasing productivity, product diversification and, thus, 
sustaining  economic growth. In contrast with  previous development 
approaches, the dual development strategy involves incorporating the 
development  of both  the traditional and modern sectors, and this  certainly  
requires an integrated strategy for a  successful implementation. The heart of 
development strategy in the dual economy is, therefore,  the question of how to  
manage the ability of  the agricultural sector to produce sufficiently large 
agricultural surplus in order  to finance the further development of non-
agricultural sectors. Simultaneously, non-agricultural sectors, financed by this 
agricultural surplus and reinvested industrial profits, must grow fast enough to  
absorb the  labor forces being released from the agricultural sector. By 
recognizing this situation, the dual development strategy  offers a simple 
formalization for  solving the typical problems faced by most developing 
countries.   
 
The dual development strategy does not only revalue the contribution of  both 
the traditional and modern sectors, but is also  concerned with the ways in which 
different economic sectors  adapt to  the changes in the economic environment.  
The transition into a more modern economy could be achieved by means of 
structural changes in terms of value added, as the agriculture decline relative  to 
manufacturing and service, or in terms of labor from the agricultural to the  non-
agricultural sector [Ranis,  1954, pp. 74-75].  In an economy dominated by a 
traditional agricultural sector, the most considerable problems may be how to 
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increase agricultural productivity, population income and to facilitate the 
movement of labor from this sector.   
 
Ranis [Ranis, in: DeGregori, 1989, pp. 73-92] elaborated a dual economy 
development model, in which  a market-oriented and capitalistic urban 
manufacturing  sector expands, and thus absorbs,  labor released from the  
agricultural sectors. Development, by definition,  involves structural changes 
both in terms of production and employment, mainly from agriculture to  
manufacturing and  the service sectors. In terms of employment, it is 
characterized by a one way movement of labor from agriculture to the non-
agricultural  sectors in response to higher returns. The key importance of 
agricultural development is the increase in agricultural productivity that makes it 
possible for  a number of laborers  to  be released from  agriculture  without 
reducing the level of output in the agricultural sectors. Obviously, if the 
marginal  product of labor in agricultural sectors is very low or even zero, 
removing labor from these sectors will have a very small or even no effect on 
the output of the respective sector.  
 
There is a certain  stage of economic development through which  an economy 
has  to go in the process of becoming a mature economy. In this sense, economic 
development is commonly identical with the modernization of economic sectors 
through industrialization. However, it should be noted that, at the early of 
development, the achievement of  the industrialization process is apparently 
dependent on the advance  and the performance of the agricultural development. 
Due to strong links between  agricultural and industrial growth, one cannot 
expect a meaningful industrial development in an economy where the 
agriculture is stagnant [Lewis, 1954, p. 433]. From this point of view, increasing 
the productivity of agriculture is the necessary condition for  development of the  
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industry and service sectors. The success of a dual economic development 
program depends on the use of the major potential resource, its labor and 
entrepreneurial potential,  to satisfy  the demand of products and services.  The 
gradual modernization of the traditional sectors, developments of productive 
activities, utilization appropriate technologies, reduction of income inequality 
and regional disparity characterize the development process. The end of dualism 
occurs when the reallocation of the abundant labor supply into more productive  
non-agricultural sectors has succeeded.  
 
2.4 The Challenges of Economic Development to Developing Countries 
 
Economic development  has brought about a rapid and substantial  change of the 
structure of the economy throughout the developing countries that, to a large 
extent, can be attributed to the advance of technical progress introducing a new 
production process. However, it is still difficult to adequately characterize the  
concept of development  appropriate for application under consideration of the 
real situation in developing countries. It has been widely  recognized that poor 
economic management  has become a significant cause of economic  distress for 
many developing countries in addressing  the economic and  other related 
problems. The formulation of coherent  strategies of development required a 
fundamental understanding of  nature and causal  forces of this  economic 
transformation. These strategies are is important  due to their  providing   a set 
of policies to guide and accelerate  the development process [Jameson,  in: 
DeGregori, 1989, p.138].  The change of the economic environment and  the 
reversal of development performance in the 1980s  have affected ways of 
thinking  about the strategies of development as well as the policies of 
development. However, the process of change involved in the development  
alters the valuation of the people involved, due to  value heterogeneity and  
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value endogeneity [Sen, in: Chenery and T.N. Srinivasan (eds), 1988, p.20]. The 
different problems underlying the concept have  become  clearer over the years 
on the basis of a development concept, as characterized by the shifting from 
growth towards sustainable development.  
 
Clearly, the concept of development is by no means unproblematic and, 
therefore, it leads to the conclusion that  development policy is important 
[DeGregori, in: DeGregori, 1989, p. 3]. Each  developing country has many 
choices in dealing with its development issues, but the crucial task to be carried 
out  by the government is to formulate the appropriate national development 
policy and coordinate  their implementation. The roles of the government as 
well as those of the private sector in implementing the national development 
programs  cannot be  generalized, due to these being dependent on the maturity 
and capabilities of the existing institutional and financial systems. The planning 
for economic development requires the  making of decisions, selecting from 
among several possible alternative development programs and allocating 
resources that will return  the most perceived benefits. Accordingly, to 
accomplish these activities, the understanding of the past and recent economic 
situations in the country becomes a prerequisite, where effective resource 
allocation for future development may require changes to the  economic 
structure.  Recognizing the importance of the economic development issue, most 
governments of developing countries have taken an active part in developing  
the appropriate formulation of a development policy.  It is accomplished by 
setting up a planning board or other similar agency as an instrument to carry out 
general economic analyses and to coordinate plans in national as well as 
regional level [Chenery and Clark, 1965, p. 281]. Careful planning and effective 
resource allocation are compulsory and become the central feature of most 
development programs, due to the fact that, in most cases, the effectiveness of a 
 42 
development program is constrained by the availability of the required 
resources.  
 
The determination and judgement as to what sector should be promoted and 
given priority for the optimal allocation of scarce resources is a difficult and 
challenging task, mainly concerned  with the need  to consider various aspects 
simultaneously. Moreover, the sound economic development policy needs 
information about the historical and current impacts of economic activities in 
terms of benefits and costs of a particular development strategy. Such 
information is very useful, mainly in the identification of factors responsible for 
or connected to the development process, including in predicting the possible 
constraints faced during the process of development. This decision will lead to 
the compulsory choice of the appropriate development strategy and the 
determination of sectoral priority [Lorenzen, 1981, p. 27], which generally ends 
with the identification of strategic or key sectors of the economy.  
 
The fact that the process of economic development is often induced only by a 
small  number of so-called “strategic” or “key” sectors demands that these 
sectors should be identified and then given appropriate priority in the 
development program. It is believed that the promotion of key sectors  will play 
the crucial role in creating imbalance indicating investment opportunity in the 
respective sector. By  focusing more  resources on key sectors, it is expected to 
provide greater positive effects in the form of a high and sustained growth for  
the whole economy in the long term and thus reduce the probability of an 
economic crisis [Sell, 1980, p. 457].  
 
Considering the complexity and interrelation of the problems faced by 
developing countries, such as  social, economic, technological and 
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environmental concerns, a sound economic development program should be 
directed towards finding solutions to  these common problems simultaneously. 
Although key issues regarding the economic development may be country-
specific and their stages of development may vary  considerably, the challenges 
faced by developing countries are similar, namely, how to tackle the above 
problems optimally and efficiently.  However, during the planning process for 
development, a country needs to arrive at realistic targets regarding  the goals to 
be realized, by considering carefully the country's advantages and disadvantages 
with  regard to possible major areas of sectoral development.  
 
The marked shift in sectoral labor-force composition in the developing countries 
is one of the most important social features that have been observed during the 
development process in the past decades. The proportion of the share of the 
output from the agricultural  sector has fallen sharply, but the number of workers 
engaged in agriculture is still high and only decreases slowly during the 
development process. Even during the period of rapid industrialization, the labor 
force engaged in agricultural sector may be virtually constant [Dixit,  in:  
Mirrlees, and Stern, 1973, p. 328] due to the  very low employment absorption 
capability of the manufacturing sector. This situation may lead to the emergence 
of some typical social problems, such as poverty incidence, massive 
unemployment as well as disguised unemployment and unequal distribution of 
income. Obviously, at the early stage of development, the policy favoring labor-
intensive sector, such as agriculture, is still relevant for promotion. But in  the 
long term,  it may not be the optimal option for the sustained output growth as it 
is constrained by the  productivity of land and labor.  
 
The conventional measuring  of development results has, until recently, placed 
more emphasis on the achievement of a high growth of the GNP at a reasonable 
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level, as an indicator of increasing ability of a  nation to expand its output. 
Economic development in the past has also been typically seen in terms of the 
planned structural change in which the share of production and employment of 
primary sector declines, whereas that of the secondary and tertiary sector 
increases. In order to provide an intensive growth as characterized by increasing 
per capita income, the economy should grow faster than the growth rate of the 
population, and at the same time is expected to provide trickle down effects in 
satisfying other development goals. This clearly represents the traditional view 
of development, in which it was always seen as a purely economic phenomenon. 
In practice, this strategy can be associated with the rapid industrialization 
process, often at the expense of agriculture and rural development [Todaro, 
1985, pp. 83-84]. Clearly, this approach suggests  that the problems of poverty, 
unemployment and income distribution are  of secondary or even tertiary 
importance. It certainly implies that there may be only a few efforts in creating 
the necessary conditions for the wider distribution of the economic and social 
benefits of growth.   
 
The general disappointment with  the past development achievements, mainly 
concerned with the failure and unsatisfactory results in dealing with the 
economic-related problems has induced  the searching for a more appropriate 
approach to development. The industrialization in developing countries is 
ascertained by some undesired results [Timmermann, 1982, p. 170], particularly 
concerning  some qualitative aspects, such as unemployment, unequal 
distribution of income, underdevelopment of rural areas, over-extraction of 
natural resources and environmental degradation. There has been some 
empirical evidence from developing countries that have experienced relatively 
high rates of growth of per capita income in the past few decades, but have 
failed to contribute to  solving the above critical problems. The fact that the 
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relatively  high economic growth in a developing country does not contribute 
significantly to the poverty and unemployment reduction or create better 
distribution of income, underlines   the need for a more appropriate development 
strategy. It was early in the 1970s when the notion of development was 
redefined and extended by considering some qualitative criteria that constitute  
the reduction of inequality of income and benefits of development, eradication 
of absolute poverty, the increasing of employment opportunities and the 
conservation of  the environment within the context of a growing economy. The 
new view of development, therefore, can be conceived  as a multi-dimensional 
process involving major changes in economic, social, technological, 
environmental aspects. 
 
In parallel with the shifting perception on development approach, from focusing 
on growth towards focusing on  sustainable development, the recognition that 
economic growth can be hampered by the shortage of natural resources and 
environmental destruction has also increased. Previously, the main concerns 
were  more focused on the effects of economic activities on the environment, but 
recently, one should be equally concerned about the ways in which 
environmental degradation can dampen or reverse economic development. In 
particular for non-renewable resources, continuing production process will 
directly and indirectly reduce the natural resources available for supplying 
inputs, certainly affecting  sustainability. To make the development  sustainable, 
the decisions for future development should be directed with sustainability in 
mind, using the best information, methods and tools available and considering 
both impacts and benefits prior to undertaking any implementation actions. 
 
The environment consideration therefore, is now becoming an important and 
integral part of the indicators for the success of  economic development and 
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economic policy. The recognition of environmental issues in the development 
approach has led recently to a remarkable conceptual shift development 
approach from a focus  on growth to a  sustainable development policy. 
Sustainable development refers to the development that meets the needs of the 
present without compromising the ability of future generations to meet their own 
needs [World Commission  on Environment and Development, 1987, p. 43]. 
This concept provides a framework for the integration of a sustainability concept 
in a development policy.  
 
Sustainable development is a qualitative and multi-dimensional policy concept, 
focusing on searching for the optimal strategy for achieving a better 
performance of the environment and socio-economic systems. This concept is 
multi-dimensional and still being developed, constantly being revised and 
refined, resulting in a continued lack of uniform interpretation. Until recently, 
there has been no single concept of sustainable development  found,  as the 
economic situation, social systems and ecological conditions differ widely 
among countries [Köhn and Gowdy, in: Köhn, Gowdy and van der Straaten, 
2001, p. 3]. Even when the links between economic, social and environmental 
issues are better understood, it has been widely recognized that there are still 
difficulties in defining sustainability in terms of a universal set of indicators. 
The complex interaction between economic development and environmental  
concern also indicates that the concept of sustainable development is fuzzy in 
nature and difficult to be derived operationally, but this is not impossible. 
 
The inclusion of environmental qualities alongside  economic performance and 
social concerns, for a holistic view of development, is central to the concept of 
sustainable development. In general, there are three main dimensions of 
sustainability to be  taken into account,  comprising environmental, economic 
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and social aspects. To get a better understanding of how sustainable 
development can be achieved while taking the above mentioned aspects into 
consideration, multi-criteria analysis can be used to analyze those factors 
simultaneously. One of the best  possible ways to  realize the concept  is by 
calculating  composite indexes based on a range of relevant indicators.  
 
Referring to the present situation in developing countries, it is obvious that the 
needs of the present have not been  met as long as poverty persists and the needs 
of future generations are not being respected as long as environmental and 
resources degradation continues. People living under conditions of extreme 
poverty are usually directly dependent on natural resources and often forced to 
degrade their natural environment in order to meet their basic needs [Wöstmann, 
in: Dieckheuer and Fiedor (eds.), 2000, p. 165]. Only development that manages 
to balance these three groups of objectives can be sustained for long and, thus, 
ignoring one of the aspects can threaten economic growth as well as the entire 
development process [Soubbotina and Sheram, 2000, pp. 7-10]. 
 
The development in developing countries is a dynamic process, in which the 
transformation from traditional to more modern society takes place. To be 
successful in realizing the development goals, a country should  focus on the 
best use of its productive resources. As the process of development continues, 
the productive resources of a country will turn from land in traditional society to 
the physical or capital resources at the further stages and to human resources in 
the industrial society. The empirical evidence from the nations which succeed  
in achieving both high economy growth and equal distribution of income follow 
a general dynamic pattern ,namely,  the redistribution of productive capital 
which is accompanied by the effort to increase its productivity [Adelman, 1975, 
pp. 302-309]. The optimal allocation of the productive resources  should, 
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therefore,  become one of the considerations in determining the appropriate 
policy and strategy for economic development.  
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3 INTERSECTORAL LINKAGES, KEY SECTORS OF AN ECONOMY 
AND DEVELOPMENT STRATEGY 
 
3.1  The Basic Concept of Intersectoral Linkages: An Input-Output 
Approach 
 
Input-output analysis, first introduced by Leontief [Leontief,  1966], is an 
adaptation of the neo-classical theory of general equilibrium to the empirical 
study of the quantitative interdependence between different economic sectors of 
the economy. The analysis is based on an input-output table, a statistical 
framework showing the interdependence between economic sectors. It describes 
the flow of goods and services between different sectors in an economy in a 
given time period, usually one year. However, due to the complex estimation 
procedures and massive data sources that  must be incorporated, it is usually not 
compiled for each successive year but, instead, for every few years.  
 
By definition, the basic structure of the input-output table is composed of two 
different groups of products namely inputs and outputs.  The outputs are 
generally differentiated on the basis of their usage, and comprise  intermediate 
outputs, referring to the output directed towards satisfying intermediate demand 
and  final demands.  Similarly, the inputs can be differentiated into primary 
input and intermediate inputs.  Intermediate input refers to the input that is 
produced within the economy and primary input and primary input refers to the 
input that is not produced by the economic sectors. The rows of the table 
document how the output of each sector of the economy is distributed among the 
other sectors to satisfy the intermediate inputs and final demands.  Each column 
provides information about the intermediate inputs obtained from other sectors 
and primary inputs needed for the production process [Leontief, 1966, p. 241]. 
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The number of sectors, into which the economy is being broken down, depends 
on the amount of detailed information that the table is intended to convey. 
 
For analytical and operational purposes, the component of an input-output table 
can be divided into three quadrants of matrix, namely the technology or 
intermediate matrix, final demand matrix and primary input matrix. Figure 3-1 
depicts the general form of an input-output table, which  can further be 
described as follows: 
 
Production sector Interm. 
demand 
Elements  of final 
demand 
Final 
demand 
Total 
output 
          Into 
 
From 1 …. j n  1 .. k m   
1 x11 x1.. x1j x1n Z1 y11 y1. y1k y1m Y1 X1 
.. x11 x…. ..j x..n Z2 y21 y2. y2k y2m Y.. X.. 
i xi1 xi.. ij xin Zi yi1 yi.. y.k y.m Yi Xi 
Producti
on 
sector 
n xn1 xn.. xnj xnn Zn yn1 yn.. ynk ynm Yn Xn 
Intermediate 
input 
S1 S.. Sj Sn  y .1 y.. y.k y.m Y. X 
1 w11 w1. w1j w1n W1 
.. w.1 w… .j w.n W. 
p wp1 wp. pj wpn Wp 
 
Primary 
inputs 
q wq1 wq. wqj wqn Wq 
Gross value- 
added 
w1  w.. wj wn W 
Imports M1 M.. Mj Mn M 
Total input X1 X.. Xj Xn X 
x
xI
 
 
 
 
Figure 3-1: Schema of an  Input-Output Table 
 
Where:  
 
Xi : The value gross production of sector 
i 
y.j : The sum of jth-column  of final demand 
xij : Supply of sector i to sector j wij : Supply of primary input  sector  i to 
sector j 
Zi : Total intermediate output sector i Mj : Total imports of sector j 
Sj    : Total intermediate input sector j  Wj : Gross value-added sector  j 
yik : Supply of sector i to final demand k Xj : Total input j 
Yi : sector i    Total final demand of  
 II w
 wIII
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Quadrant I, known also as intermediate matrix or technology matrix, 
summarizes the information about the interaction between the production sectors 
and intermediate products. The horizontal rows of the table show the distribution 
of sectoral output in satisfying intermediate demands of other sectors.  
Conversely, the columns show how each sector obtains from the others its 
needed inputs for goods and services, comprising  intermediate inputs, to sustain 
the sector’s production activity. Divided by the total sectoral output, these 
entries will result in a set of input coefficients, known as technical or input 
coefficients, representing the input requirements per unit of output of the 
respective sectors. The value of the transaction between sectors indicates the 
level of diversification that is commonly also associated with  the state of 
technology used in the respective sector. A higher value of input coefficient 
reflects a more advanced technology of the sector. 
 
Quadrant II, known also as final demand matrix, documents the extent of 
sectoral outputs directed towards satisfying final demands.  In general, the final 
demand components consist of private consumption, government consumption, 
investment, inventory and export.  Quadrant III, the primary input matrix, 
provides information about the primary inputs, consisting of all kind of inputs 
which are not produced by the productive sectors, but required by the sectors for 
producing output. In general, the primary inputs comprises  wages and salary, 
profit, indirect tax and depreciation, which together can be seen as the domestic 
share of an individual sector to the value added, and import as primary inputs 
from abroad.  
 
Mathematically, an input-output model is developed based on three basic 
assumptions consisting of homogeneity, proportionality and additivity 
[Schumann, 1968]. Homogeneity refers to  each sector producing  a single 
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output with a single input structure and there is no automatic substitution 
between the output of different sectors. Proportionality assumes that the use of 
input change is proportional to the change of total output of that sector. 
Additivity means that the total effects in several sectors are the sum of the 
separate multiplier effects emanating  from each sector involved. The 
interdependence between the individual sectors of the given system   can thus  
be described by a set of linear equations.  The structural characteristics are 
reflected in the numerical magnitude of the coefficients of the equations derived 
from an input-output table. 
 
An open static input-output model is one of the most commonly used  input-
output models. It is  characterized by the basic assumption that the changes in 
endogenous sectors are a result of the changes in  exogenous sectors: the final 
demand. Mathematically, the sectoral transactions can be described as linear 
equations as follows:  
 
x11 + x12 + x13 + Y1    =   X1 
x21 + x22 + x23 + Y2    =   X2 
x31 + x32 + x33 + Y3    =   X3 
xn1 + xn2 + xn3 + Yn    =   Xn 
 
Substituting    aij   = xij  / Xj.,  aij     ≥  0, will result in the following equations: 
 
a11X1 +  a12X2 +  a13X3 +  Y1    =   X1 
a21X1 +  a22X2 +  a23X3 +  Y2    =   X2 
a31X1 +  a32X2 +  a33X3 +  Y3    =   X3 
an1X1 +  an2X2 +  an3X3 +  Yn    =   Xn 
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Rewrite, for an economy with three sectors: 
 
(1-a11)X1 -  a12X2          -  a13X3      =   Y1      
-a21X1       + (1-a22)X2  -  a23X3        =   Y2      
-a31X1        -  a32X2          + (1-a33)X3 =   Y3      
 
In the matrix form, these linear equation can be  expressed as: 
 
 
 
        (1-a11)   -a12          -a13          X1             Y1      
 
        -a21       +(1-a22)   -a23            *        X2        =      Y2      
 
       -a31        -a32          +(1-a33)            X3                Y3 
 
 
The general solution for  the level of sectoral output (X) as a function of  final 
demand can be expressed as:  
 
X  =  (I-A)-1  Y 
Where:  
XT = (X1,  X2 ,X3, ....., Xn )   
I    = n x n identity matrix  
YT = (Y1,  Y2 ,Y3,..., Yn )  
and 
 
   a11    a12      a1n         
                   
A  =    a21    a22    a2n       denotes n x n Leontief matrix: 
 
   an1     an2      ann                
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The input-output table was originally developed to analyze and to measure 
structural interdependence between various producing and consuming sectors 
within a national economy. It serves the most comprehensive and complete 
source of economic data for the country, and thus is very useful for the revision 
of the national accounts, identification of supply-side bottlenecks and the 
distribution of benefits. The information contained in the input-output table 
provides many advantages for the government as an effective tool for economic 
analysis, for planning for development and for a framework for the assessment 
of the structural changes in the economy. For example, the extended input-
output table can be used to estimate the interdependencies between the 
economic sectors in an economy, in terms of their contributions to output, value 
added, labor income and employment. This information will not only be useful 
in answering questions related to a sector’s importance to the economy but also 
in formulating policies aimed  at stimulating growth in the whole economic 
system through the efficient allocation of resources among sectors. More 
importantly, the nature of the input-output table makes possible an analysis of 
the economy as an interconnected system of sectors that directly and indirectly 
affect one  another.  It also allows a decomposition of structural changes into 
different components that facilitate an identification of the sources, the direction 
and the extent of structural changes [Leontief, 1966, p. 129].  
 
The most frequent applications of an input-output model are linkage analysis 
and economy-wide development planning in the form of sectoral planning, in 
which both feasibility and consistency can be achieved. Although an input-
output approach has become the subject of many applications,  it is still 
suffering from some limitations [Bulmer-Thomas, In: Sohn, 1986, p. 124] 
mainly concerned with the assumption of constant return to scale, fixed 
coefficients, no constraint on resources, no substitution between inputs and 
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unique products of  a sector. Due to these limitations, integration with a macro-
model is necessary, which is likely to offer  exciting possibilities for  broader 
applications.  
 
3.2 The Concept of Key Sectors and Development Strategy  
 
Many decades ago,  developing countries began their efforts to end their 
economic backwardness through different development programs, which mainly 
focused on the achievement of a high growth rate by promoting the modern 
sectors of the economy. This has become one of the main efforts in placing a 
major hope in finding solutions to their social-economic problems and ending 
their backwardness in the modern world [Bryce, 1960, p. 3].  One of the most 
serious challenges faced by developing countries is how to allocate the available 
resources effectively, in particular in assigning  appropriate priority to the 
different sectors to be promoted which  satisfy the intended development goals. 
However, lack of any reliable information about the economic structure, 
interdependence between sectors and the internal mechanism played by certain 
sectors in the economy become  substantial obstacles to effective development 
planning. These disadvantages may result in misallocation of resources and 
under utilization of productive capacities,  that produce a misleading guide for 
future development.  
 
Regarding  the problem of priority assignment or determination of sectoral 
importance, there are three possible approaches in dealing with that 
issue[Chenery and Clark, 1965, pp. 282-283]. The first approach is the 
production maximization by equating the different marginal productivity of 
investment or other resources in use.  However, due to difficulty in measuring 
the marginal productivity, this approach is not widely used. The second 
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approach is by giving priority to the activities using scarce factors, such as 
foreign exchange and other capital, efficiently, or, alternatively, to those which 
use large amounts of the abundant factors, labor and local resources. The third 
approach concentrates on the selection of certain sectors which provide above-
average contributions to the economy and, thus, through its interdependence will 
stimulate  further growth, contributing to the sustained economic growth in the 
long term. This approach is popular in many developing countries, due to the 
need to allocate the scarce resources optimally.  However, it faces  difficulties 
when   the appropriate method  is being chosen for  identifying the  key sectors.  
 
To deal with the last approach, Hirschman provided significant contributions by 
introducing the concept of interindustry linkages in explaining the causal 
relationship between linkage effects and the process of economic development. 
The concept of sectoral interdependence explains how the internal structure of 
an economy behaves, by visualizing it as an interconnected system of sectors 
that directly and indirectly affect one another. The interdependency between 
production sectors and consumption activities is the essential feature of the 
concept that can be very useful for guiding future development. Commonly, the 
interdependence between sectors of an economy is measured empirically and 
quantitatively by the extent of the flow of goods and services in terms of 
intermediate demands and supplies, as documented in the input-output table. 
The interdependence among productive sectors can be traced from both 
directions, through the backward and forward linkage [Chenery and Watanabe, 
1958, p. 492]. The production activities in a particular sector need inputs, which 
emanate not only from that sector itself, but also possibly  come from other 
sectors. The extent to which the sector depends regarding its intermediate inputs 
on other sectors indicates the backward linkage. Conversely, the measure of 
forward linkages indicates the extent of the outputs of a certain sector in 
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supplying the intermediate inputs  required for production activities by other 
sectors[Schultz, in: Polenske and  Skolka, 1976, p. 139]. 
 
The assessment of a sector based on its strategic importance takes place through 
the quantification of the degree of a sector’s linkage with the rest of the sectors 
in the economy. Applying this concept, sectors can be distinguished according 
to their degree of interdependencies, which commonly are associated with their 
relative importance and, thus, provide a  basis for selecting those sectors to be 
promoted. The growth impulse emanating from a certain sector, according to 
this theory, will be greater when  increasing the degree of its linkages. This 
suggestion implies that a sector with a high degree of linkages should receive 
higher priority for promotion in the development program. By initially 
stimulating a rapid growth of production in so-called “key” sectors, those with a 
high degree of backward and forward linkages, there is a greater prospect of 
generating a sequence of induced investment decisions in other sectors [Dhawan  
and  Saxena, 1992, p. 195] and thus providing  a larger multiplier effect on the 
growth of the whole economy. 
 
The concept of linkage as a means to measure the sectoral interdependence of an 
economy has attracted attention from many researchers recognizing its role in 
explaining the process of transmission of growth inducement from a certain 
sector to the rest of the economy.  The direction and the extent of such 
interdependencies indicate the potential of sectoral capacity for  stimulating or 
inducing activities in other sectors.  This information is certainly very useful for 
use as a  basis for assigning priorities to different sectors of the economy in 
particular during the planning stage for economic development. Referring to the 
development strategy in developing countries,  Hirschman [Hirschman, 1958. 
pp. 61-75] suggested a form of unbalanced development strategy, by favoring  
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the promotion of sectors with high backward and forward linkages. He argued 
that entrepreneurial  decision making in both the private and public sectors is not 
uniquely determined by the pull factor of income and demand, but is responsive 
to special push factors,  such as the  linkages emanating from the production 
side. Accordingly, backward  linkage will  lead to  new investment in input-
supplying sectors and forward linkage to the investment in output-using sectors 
[Hirschman, 1977, p. 72]. 
 
From the point of view of economic development strategy, it is very evident that 
the concept of linkages has become part of  the language of development 
economics.  It  eventually sheds light on the mechanism of economic growth 
whose understanding requires an empirical knowledge of the nature of 
interdependence.  Moreover, information about sectoral interdependence and, in 
particular, its spreading effects throughout the economy is very valuable in 
forecasting  and directing the economic development [Cella, 1984, p. 73]. As a 
basis for assigning sectoral priority to development strategy, Hirschman 
distinguished  four clusters of linkages. Top priority should be given to the 
sector with high backward and forward linkages, followed by those with high 
backward, but low forward linkages.  Third priority is subjected to the sector 
with low backward linkages but high forward linkages and the lowest priority is 
given to the sector with a low degree of  both linkage effects. Obviously, more 
weight is  given to backward linkages than to forward linkages, due to the fact 
that the final demand for the backward linkages  already exists, but there are 
some difficulties in creating the demand associated with  the forward linkages.  
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3.3 Measurement of Linkages and the Identification of Key Sectors  
 
The usefulness of linkage analysis for guiding  development policy has been 
widely recognized, in particular if directed toward the identification of so-called 
“strategic” or “key” sectors. Such a sector is generally defined as one which 
generates above-average input requirements from other sectors, and whose 
output is widely used by other sectors.  These sectors are expected to play a 
leading role in the process of economic development, mainly as the sources of 
growth for the whole economy. However, it should be noted that the exact 
definition of what constitutes  the notion of a key sector is still somewhat fuzzy, 
due to difficulties in the interpretation of a sector providing an above-average 
contribution to economic development. Although the notion of a key sector may 
be given a variety of interpretations,  the main idea behind this concept is to 
identify a sector providing an extraordinary contribution to the economy. In the 
present context, of course by definition it refers exclusively to the sector with a 
high degree of backward and forward linkages. This definition leads to the 
consequence that the measurement of sectoral linkage in the context of an input-
output approach has been generally recognized as the most commonly  accepted 
method for identifying the key sectors of an economy.1  
 
The key sectors are  expected to play an important role in initiating the process 
of economic development and diversification of the structure of the economy. 
The promotion of key sectors will provide a greater ability for  stimulating the 
sectoral growth, and thus contribute an above- average contribution to the whole 
economy. The urgency in promoting  such sectors for  future development is 
based on the consideration that the restricted resources available for the 
                                                 
1 The notion of key sector is synonymous with a leading, driving or strategic sector that can be 
used interchangeably.   
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development should be used optimally and effectively to realize the intended 
development goals. By  concentrating resources more  in key sectors, it enables 
the maximization of  induced effects, resulting in  a more rapid growth of  
output production than other alternative allocations of resources. The linkage 
hypothesis predicts that a country pursuing the strategy for promoting key 
sectors will be able to achieve higher overall economic growth than countries 
that do not follow it.  
 
However, the expectation of a  high growth rate does not necessarily imply that 
key sectors will grow faster than other sectors.  It may be happen  that the 
fastest-growing sectors are  those which are most closely linked to the key 
sectors, but not the key sectors themselves [McGilvray, 1978, pp. 55-56].  The 
overall growth rate of an economy must be regarded in the first instance as the 
consequence of differing growth rates in a particular sector of the economy 
derived from certain overall demand factors. From this point of view, Rostow 
[Rostow, 1962, p. 265] the growth sectors of an economy may be differentiated 
into three categories, namely the primary growth sector, the supplementary 
growth sector and the derived growth sector.  
 
The primary growth sector refers to the sector which, owing to  the possibilities 
for innovation or exploitation of newly profitable technology or, until recently, 
unexplored resources yields a growth-rate and expansionary forces markedly 
higher than the average of the whole economy.  The cotton industry of Britain 
and railway industry of the USA during the industrial revolution could be 
attributed to  the examples of this category. Supplementary growth sector refers 
to the sector which experiences a rapid advancement  as a direct response to or 
as a requirement of an increase in the primary growth sector.  This sector may 
have to be tracked many stages back into the economy, as the Leontief input-
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output models would suggest. The steel industry might be a good  example of a  
supplementary growth sector as  a response to  the growth in the primary railway 
sector. The derived growth sector is attributed to the sector whose growth is 
dependent on the derived demand or has a close relation to the growth of the 
total real income, population, industrial production and some other increasing 
parameters. The growths in output production for food, health and housing, as a 
consequence of the population increase, are  classic examples of derived growth 
sectors.  
 
In the earlier stages of development, the primary and supplementary growth 
sectors derive their momentum essentially from the introduction and diffusion of 
changes in the cost-supply environment, while the derived-growth sectors are 
linked mainly to changes in demand. Thus, at any period of time it appears to be 
true that the forward momentum of economic growth is led and maintained as 
the result of rapid expansion in a limited number of so-called “key” sectors, 
whose expansion has significant effects on the whole economy [Rostow, 1964, 
p. 4]. Historically, the leading sectors can be found in the primary, secondary or 
tertiary sectors and,more importantly, there is no single sector that constitutes 
the only key sector of an economy. A combination of sectors appears to have 
played the key role in the take-off process, which in general might have ranged 
from cotton, textiles, heavy-industry, food and other related agricultural 
products including a wide variety of consumer’s goods [Meier, 1964, pp. 20-22].  
 
It may be worth noting  that the presence of a key sector may not be long lasting 
due to the emergence of new leading sectors, particularly when the initial 
impulse of the former leading sectors begins to wane. Historical data have 
clearly indicated that, in a given national economic system, the sector leading  
development shifts from one to another sector due to unsustainable high growth 
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experienced in the respective sector and the changes in the economic 
environment [Rostow, 1960, p. 52].  In this case, the role of the old key sector as 
a major engine for economic development is overtaken by new sectors whose 
experience of more rapid growth will come later. Interestingly,  historical data 
also documents the dynamic features of key sectors, which sometimes facilitates 
the stage for the emergence of new key sectors leading the further process of 
development. The shift of a  leading sector usually comes in the period when 
fundamental changes take place, for example, as a result of the introduction of 
new applications or more advanced technology in the sectors of the economy. 
 
In the economy of developing countries, deepening the sectoral structure and 
strengthening the linkages between economic sectors are the important 
consideration in development planning, and therefore, the identification of key 
sectors is justified in providing rational guidance for sectoral investment 
[Karunaratne, 1976, p. 291]. As key sectors are identified, it is necessary for the 
economy to regroup and re-allocate the available resources for a resumption of 
growth in these key sectors to realize the development goals. An analysis, using 
series of input-output data can provide a clear figure about the structural 
changes, including the disappearing and emerging of key sectors taking  place in 
the economy during the period under study. 
 
3.4  The Existing Methods for the Identification of the Key Sectors of an 
Economy 
 
The main stream in applied research utilizing the linkage concept has been 
converged into the empirical quantification of intersectoral interdependence, 
leading to the identification of leading or key sectors of an economy. The 
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concept was introduced by Rasmussen [Rasmussen, 1956] and Hirschman 
[Hirschman, 1958] and  then mathematically formulated by Chenery and 
Watanabe [Chenery and Watanabe, 1958, pp. 487 –521].  Further modifications 
for the measurement of such intersectoral linkages were developed by Strassert 
[Strassert, 1968, pp. 211 –215] and Schultz [Schultz, 1974], Cella [Cella, 1984, 
pp. 73-84], Hewing [Hewings, 1982, pp. 173 – 195 and  Hewings et al., 1989, 
pp. 67-90], and, recently, by Dietzenbacher [Dietzenbacher, 1992, pp. 419-437]. 
Even though different methods for identification of key sectors have been  
developed until recently, there is  general agreement that it  should  be related to 
the degree of sectoral linkages. 
 
Since the linkage concept is based on sectoral interdependence, the appropriate 
way to measure sectoral  linkages is in the framework of input-output 
techniques, which further distinguishes it into backward and forward linkage 
[Rasmussen, 1956], [Hirschmann, 1958],  [Chenery and Watanabe, 1958],  
[Yotopoulos and Nugent, 1973], [Schultz, 1974],  [Dhawan and Saxena, 1992]. 
The measurement of a backward linkage quantifies the intermediate input 
requirements of  a particular sector emanating from other sectors in terms of 
ratio to total output.  On the other hand, forward linkage measures the extent of 
utilization of the output of a certain sector as an input for the activities in other 
sectors, if the final demand in the respective sectors increases by one unit. 
 
The work on  identifying the key sectors of an economy has certainly provided 
an important contribution to the empirical analysis of structural relations in the 
economy of developing countries. Each method has its own characteristics, 
mainly concerning the scope and capability of quantifying the linkage effects.  
However, there are also some similarities between the methods, i.e. purely 
empirical in nature, which are exclusively determined by the degree of sectoral 
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linkages derived from the input-output table. In brief, the various existing 
methods for measuring  linkage as an approach to identifying the key sectors of  
an economy can be summarized in the following section.  
 
3.4.1 The Measurement of Direct Linkages  
 
The first attempt to carry out the quantitative evaluation of direct backward and 
forward linkages was introduced by Chenery and Watanabe,  in an effort to 
compare the production structures of some developed countries [Chenery and 
Watanabe,1958, pp. 487 –521].  Their quantitative measures of sectoral 
interdependence obtained from input-output  tables provide the operational 
definitions of the linkage effects as contained in the Hirschmanian concept. For 
an economy with  n sectors, denote the elements of the technology matrix by rij 
(i, j = 1, 2, . . . , n), which  is typically defined in terms of the ratio of 
intermediate inputs  to gross output values. The backward linkage is defined by:  
 
               n 
R.j     = ∑ rij        (j = 1, 2, . . . , n)                        
              i=1 
 
The element of column j measures the direct effect in terms of input requirement 
of sector j originating  from other sectors and from the sector itself by an 
increase of one unit in the final demand for sector j. Thus,  R.j is the sum of the 
elements in column j of the technology matrix indicating the aggregate inputs 
requirement of sector j  to satisfy a one unit increase of final demand for this 
sector. 
 
Similarly, the forward linkage is defined by:  
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    n 
Ri.     = ∑ rij        (i = 1, 2, . . . , n)                        
               j=1 
 
The element of row i measures the direct effect in terms of the amount of output 
of sector i needed to cope with a unit increase in the final demand  of all the 
other sectors.  
 
According to this simple measurement a key sector is defined as a sector with 
both backward and forward linkage value which is greater than unity.  However, 
this measurement suffers from deficiencies while providing  only the 
measurement  of direct effects from the increase in sectoral production and 
ignoring  the indirect effects, which may be very significant in some sectors.  
Furthermore, the  unweighted measurement  also implies that all sectors  are 
equally important and thus contradicts the fact that certain sectors have different 
degrees of importance in the economy [Laumas, 1975,  p. 64]. These limitations 
also underline the need to consider the indirect effects and the weighting 
structure  referring to the relative importance of various sectors in the economy. 
 
3.4.2 The Measurement of Direct and Indirect Linkages  
 
Due to the concerns that the linkage effects derived from the Leontief 
technology matrix may give a misleading picture about the potential effects for 
growth inducement to  the whole economy, Rasmussen proposed an alternative 
measure of linkage by using the Chenery - Watanabe idea to define the 
Hirschmanian concept operationally [Rasmussen, 1956, pp. 133-140].  He 
argued convincingly that direct as well as indirect effects should be taken into 
account in any attempt at  quantifying the sectoral linkages. Instead of 
employing a technology matrix, the degree of intersectoral  linkages is measured 
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on the basis of  the row and the column sums of the  Leontief inverse matrix. 
Accordingly, he introduced  two index terms , namely Power of Dispersion and 
Sensitivity of Dispersion, which are associated with  backward and forward 
linkages respectively.  
 
For an economy with  n sectors, denote the  Leontief inverse matrix  by B=(I-A)-
1, bij ∈ B, and leave  B.j and Bi.  as the sum of column j and row i  of the  
Leontief inverse matrix respectively. In  quantifying the direct and indirect 
linkages, Rasmussen uses  the average value of  the sum  of the respective 
column and row  rather than the total value.  The average value of the column, 
denoted by B.j, indicates the estimate of the direct and indirect increase in output 
to be supplied by a sector chosen randomly if the  final demand for the products 
of sector j increases by one unit. Similarly, the average value of the row sum of 
a certain sector, Bi., can be interpreted as the increase in output to be supplied by 
the  sector under consideration if final demand for the products of a sector  
increases by one unit. In order to enable inter-sectoral comparisons, he proposes 
a normalization procedure by relating them to the overall average value of all 
elements of the inverse matrix, expressed as Bij. 
 
The index power of dispersion that can be associated to backward linkage 
describes the relative extent to which an increase in final demand for the 
products of sector j is dispersed throughout the system of sectors in the 
economy. The measurement  of linkages is then given in the form of indices as 
follows: 
 
Uj  =     [1/n ( B.j) ] / [(1/n2) ∑ Bij ] =  (B.j/n)/ Bij = B.j / Bij  
                                                  i,j 
 
for i= 1, 2, 3, …, n and j =1, 2, 3, …, n. 
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The numerator B.j is the average value of the elements in column j and the 
denominator Bij denotes the average value of all elements of the inverse matrix. 
Clearly, Uj measures the direct and indirect input requirements of sector j if the 
final demand for sector j increases by one unit.  Similarly, the measurement  of  
forward linkage is given by the value of  sensitivity of the dispersion index: 
 
Ui  =     [1/n ( Bi.)]  / [(1/n2) ∑ Bij] =  (Bi./n)/ Bij= Bi. / Bij   
                                                                             i,j 
 
for i= 1, 2, 3, …, n and j =1, 2, 3, …, n. 
 
 
The numerator Bi. is the average value of the elements in row i and the 
denominator Bij denotes the average value of all elements of the inverse matrix. 
Ui measures the direct and indirect utilization of output sector i by other sectors, 
if final demand in each sector were to increase by one unit. 
 
One of the advantages of  using the  Leontief inverse matrix is that it takes into 
account both the direct and the indirect effects of an increase in the sectoral 
output and, therefore, is assumed to be superior to  the former measurement. 
Moreover, the normalization process will result in a  sector providing an  above 
average contribution to the economy having  the value of Ui and Uj above unity. 
The opposite meaning can be interpreted in the case of Ui and Uj  less than unity. 
According to the definitions of key sectors so far employed, it should refer  
quantitatively to those with Ui and Uj above unity. This  normalized 
measurement  of sectoral linkage based on the  Leontief inverse matrix is the 
most widely used one  and, until recently, has been the most commonly accepted 
method in identifying the key sectors of an economy. 
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Rasmussen recognized that the indices for backward and forward linkages, as 
defined above,  are based on an average value, which is sensitive  to extreme 
values and may not reflect the real situation of the sector under consideration. A 
particular sector could have a relatively high value of Ui and Uj, but  its effects 
might be concentrated heavily only on a very few number of sectors. This 
situation will imply that most sectors of the economy will  be left unchanged  if 
the final demand for the products of that sector  increases. As a response to this 
limitation of possibly supplying  misleading results, he introduced 
supplementary  indices to measure the variability of linkage effects that should 
be considered in defining a key sector [Rasmussen, 1956, p.138]. The 
supplementary measurements,  known as coefficients of variation,  can be 
described as follows: 
 
V.j =  σBj./B.j and  Vi. =  σBi./Bi. 
 
Where: 
 
                                                                 n 
σB.j  =         (1/(n-1)) ∑ (Bij  – B.j) 2          for j=1, 2,…, n 
                                        i=1 
 
 
and 
                                                                n 
σBi. =         (1/(n-1)) ∑ (Bij  – Bi.) 2         for i=1, 2,…, n 
                                       j=1 
 
Where σB.j and σBi. are  the measurements associated with  the  standard 
deviation of  the respective column and row, bij  is the respective element of  the  
Leontief inverse matrix B.  Similarly, B.j  and Bi. denote the average value of the 
sum of each column and row, respectively.  
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The high value of  the variation indices indicates that   the effects concentrate 
heavily only on a small number of sectors.  Conversely,  if the effects from or to 
other sectors are evenly drawn among sectors, the value of Vj and Vi should be 
low. Combined with these additional measurements, a key sector is then 
redefined as one in which both Uj and Ui are greater than unity, and both Vj and 
Vi are relatively low. It should be noted, however, that Rasmussen gave  no 
specification about the value of the coefficient variation that could be regarded 
as a low value. The real difficulty seems to be the lack of criteria for significant 
deviations between the low and high value of variation. If  a small variation is 
excluded, it is necessary to distinguish  between a small and a  large variation. 
 
To deal with the arbitrariness in determining the level of the coefficient 
variation, dividing by the average value of variation of all sectors can normalize 
these values [Karunaratne, 1976, p. 292]. The modified indices of  spread 
effects, therefore, can be derived as follows: 
 
Normalized index of coefficient variation for backward linkage: 
 
               n 
S.j =  [V.j / (∑V.j/n)]  
              j=1 
 
Normalized index of coefficient variation for forward linkage: 
 
              n 
Si. =  [Vi. / (∑Vi./n)]  
             i=1 
 
These indices of spread effects indicate  whether the required inputs for the 
production in a certain sector or the use of production outputs  in a certain sector 
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are drawn  evenly from or to other sectors.  The higher the spread effects are 
above  average, the lower the coefficient of variation, and  should, thus,  take the 
value under unity. On other hand, if the effects are spread  one-sidedly, the 
indices of the spread effects should take the value greater than unity. The index 
value of less than 1 signifies  a more than average  spread  or growth impact of 
other sectors as a result  of an expansion of one related sector. Combined with 
these supplementary indices, the key sector, thus, should refer to the sector  with 
Ui. and  U.j greater than unity and Si. and  S.j  less than unity [Karunaratne, 
1976, pp. 292ff.].  From the point of view of industrial diversification and 
economic development, these coefficients of variation are important mainly in 
directing the structural change of the economy. 
 
3.4.3 Alternative Sector Extraction  
 
Strassert [Strassert, 1968, pp. 211-215], followed by Schultz [Schultz, 1974; 
1976. pp.  137- 159] proposed another alternative method for identifying the key 
sectors. It was known as the hypothetical sector extraction method. Unlike  the 
previously described methods, it was not directed towards the evaluation of two 
types of linkages, backward and forward linkage separately, but towards 
measuring the total effects of  a particular sector in terms of absolute level of 
production. The hypothetical extraction is accomplished by subtracting the 
reduced matrix from the unity matrix, inverting the new (reduced) Leontief 
matrix and multiplying it by the reduced final demand vector [Schultz, 1976, 
p.141].  As a result of removing a particular sector from the system of 
production, the hypothetical productions will shutdown in the isolated sector and 
simultaneously the intermediate supplies from and deliveries to other sectors 
would be affected. The total impact can be measured quantitatively by 
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comparing the output level of the whole economy before and after the 
hypothetical extraction, adjusted by the gross production of the isolated sector.   
 
The focus of this method is to compare the total production effects of the 
isolated sector to the rest of the economy, denoted by Zir, with the effects of the 
rest of the economy on the production of the isolated sector, denoted by Zri.  
Moreover, it is also possible that the production effects are represented as the 
ratio between the net effects of the isolated sector on the rest of the economy 
(Zir) and the net effects of the rest economy to the isolated sector (Zri). 
Mathematically, the ratio of both effects can be formulated as follow: 
 
  Z =  [(A-1 Y) –(Ar 
-1 Yr) – Xi ] / (Xi – Yi ) =Zir / Zri   
 
Where:   
 
Zir : Total production effects of the isolated sector on the rest of the 
economy 
Zri : Total effects of the rest of the economy on the isolated sector 
A-1 : Leontief inverse matrix 
Y : Total final demand  vector 
Ar
-1 : Reduced Leontief inverse matrix 
Yr : Reduced final demand vector 
Xi : Gross production sector i (isolated sector) 
Yi : Final demand sector i (isolated sector) 
 
According to this approach, a key or driving sector is defined as a sector 
satisfying the condition that the sector’s net production impacts on the whole 
economy are  greater than the net impacts on the whole economy for that 
respective sector.  Mathematically, it refers to the sector  that qualifies the 
condition that Zir > Zri or those that result from the value of quotient Z is 
greater than unity. On the  other hand, a sector with Z < 1 is called a “hauling” 
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sector, whose  production impacts  depend on impulses from the rest of the 
economy [Strassert, 1978, pp. 211-215].  The drawback of this method lies in 
the absence of any distinct evaluation of backward  and forward linkages which  
tends to result in extremely high values of quotient for those sectors that produce 
heavily to satisfy the final demand [Schlutz, 1976, p. 146].  
 
3.4.4 The Total Linkages  
 
It has been  frequently argued by  previous studies on the  linkage intensity of  
developing countries that this has been hampered by an inability to 
comprehensively estimate the total linkage. Inspired by  the hypothetical 
extraction approach, Cella [Cella, 1984, pp. 78-79] proposed a new approach as 
an improvement on   earlier methods. Instead of starting with the quantification 
of two types of linkages, he aims at appropriately defining the total linkage 
effect of a sector and then derives it into two components, backward linkage and 
forward linkage. Similar to the hypothetical extraction method, his approach 
involves assessing what the sectoral production in the entire economy would be, 
if a sector neither bought inputs from other sectors nor sold any of its output to 
other domestic sectors. A satisfactory definition of the total linkage of sector i 
can be given by the difference between the actual sectoral production and the  
hypothetical output.  
 
The total linkages (TL) of the economy with n productive sectors can be 
represented by 
 
TL = i'(q - q)          
 
Where i' denotes a unitary vector, q refers to the vector of actual production, and 
q is a vector of production derived from the hypothetical extraction method.   
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Working in the context of a simplified two-sector economy, he  differentiates 
the economic sector into two sectors. Sector 1 constitutes  m industries (q1) and 
sector 2 represents the rest of the economy, consisting of n - m industries (q2).  
The output of the respective sector can be represented as: 
 
q1 = A11q1+ A12q2 + f1, 
and 
q2  = A21q1+ A22q2 + f2, 
 
where Aij refers to an input coefficient matrix and fi is a final demand vector for 
the product of sector i. If sectors 1 and 2 neither bought inputs from nor sold 
inputs to each other, the sectoral output  resulting  from the hypothetical 
extraction, denoted by q1 and  q2, by definition can be  expressed in the 
following equations:  
 
q1 = A11q1 + f1  = B11f1 
and 
q2 = A22q2 + f2  = B22f2 
 
Therefore, the total linkage (TL)  obtained from a particular sector can be 
expressed by: 
 
TL = i'(q - q)   = i'q -  i' B11f1 - i' B22f2 
 
The above equation denoting the output of the respective sector  can further be 
partitioned into: 
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    q1          H        HA12B22 + A12q2                f1 
             =        *   
    q2          B22A21H      B22(I + A21HA12B22)          f2 
 
 
Where: 
H = (I – A11 – A12B22A21)
 -1 ,     so that  
 
 
     q1- q1        H – B11       HA12B22           f1 
                     =         * 
     q2 - q2        B22A21H      B22A21HA12B22          f2 
 
 
and  thus the total linkages can be expressed  as: 
 
TL = i'[(H – B11) + B22A21H] f1  + i'[HA12B22 + B22A21HA12B22 ] f2   
 
The above equation clearly indicates that total linkages can further be 
decomposed consistently into  the  two additive components: backward linkage 
(BL) and forward linkage (FL).   
 
BL =  i'[(H – B11) + B22A21H] f1    
and 
 
FL = i'[HA12B22 + B22A21HA12B22 ] f2   
 
It should be noted that,  since the matrices of H and B (I-A)-1  are non singular, 
then for non-zero f1 and f2,  BL = 0 if and only if A21 = 0, means that there is no 
intermediate purchase by sector 1.  Similarly, forward  linkage will take the 
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value 0 if there is no  intermediate supply  by sector 1, or mathematically, if and 
only if,  A12 = 0.  
 
Obviously, this method has also clarified the problem of intra-sectoral  
transaction as advocated by Diamond [Diamond, 1976] and Laumas [Laumas, 
1975, pp. 62-79 and Laumas, 1976,  pp. 767-769], which included in the 
calculation of total linkage the use of the  hypothetical extraction method of 
Schultz. Given that scalar i'B11f1 measures transactions that are purely internal 
to sector 1, it is clear that these transactions should be excluded from any 
measurement of linkages. Another  principal advantage of the Cella [Cella, 
1984, p. 80] method for calculating linkages is that it allows for a 
mathematically consistent aggregation of backward and forward linkages into a 
total linkage.  
 
3.5 Empirical Identifications of the Key Sectors of an Economy  
 
Since the introduction of the concept of key sectors for facilitating  the 
identification of the potential area for sectoral development, some empirical 
works have been made by many  researchers both for developed as well as 
developing countries. The work of  Rasmussen [Rasmussen, 1956], Chenery and 
Watanabe [Chenery and Watanabe, 1958, pp. 487-521] can be seen as 
pioneering  in this field, which has since been widely followed by other  
researchers. The original objective of the work of Chenery and Watanabe was to  
make a comparison of the structure of production of some developed countries, 
comprising  Japan, Italy, Norway and USA. Although it was not directly aimed 
at identifying key sectors, this work has provided some new ideas in classifying 
the productive sectors.  Based on the pattern of interdependence, sectors are 
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classified  into final manufacture, intermediate manufacture, intermediate 
primary production and final primary production sectors. It has demonstrated 
that international similarities exist in the patterns of sectoral interdependence, as 
reflected in the measurement  of sectoral linkages.  They argued that the 
similarity of the patterns of sectoral linkages may result  from the similarity in 
the pattern of production among the countries under study. 
 
Hazari did initial  work on sectoral linkage that directly aimed at the 
identification of the key sectors of the  Indian economy by employing the input-
output table for India for the period 1964-1965 [Hazari, 1970,  pp. 301- 305]. 
Adopting Hirschman’s definition of key sectors, he employed  Rasmussen’s 
method for ranking sectors according to their degree of linkages. Working with  
38 aggregated sectors and using the pure linkage approach, he identified 10 
sectors that could  be attributed to key sectors of the Indian economy. These key 
sectors comprised   metal products, iron and steel, nonferrous metals, rubber, 
leather,  animal husbandry, vegetable oils, cotton yarn, petroleum products, 
paper and paper products and miscellaneous  chemicals. In addition to his 
approach, he also developed an alternative method of  defining key sectors 
according to the preference  function of the decision makers by taking into 
account the final demand and considering the relative importance of the various 
sectors in the national economy. Taking into account  all three indicators, the 
result of the work revealed that  only three sectors, namely, metal products, 
animal husbandry and vegetable oils  qualified as key sectors.  Recognizing the 
results obtained  from his work, he clearly advocated that a  key sector  can 
neither be  defined nor identified uniquely, and thus the appropriate method for  
identification will  depend on the objective function of the decision makers 
[Hazari, 1970, pp. 304-305]. 
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In another study on the identification of the key sectors of the Indian economy 
[Dhawan and Saxena, 1992, pp. 195-210] carried out their work using data for 
the Indian economy for the periods 1973 -74,  1978-79 and 1983-84. The results 
clearly indicated that, out of  the 46 aggregated sectors,  most of  the key sectors 
from  1973-74 were industrial  sectors, comprising  paper and the paper based 
industry, petroleum products, coal tar products, basic heavy chemicals, 
fertilizers, paints, varnishes and lacquers, iron and steel industries, other basic 
metals, metal products excluding machinery,  and one service sector: the 
electricity and water supply.  In the period  1978-79,   additional key sectors 
were identified:  rubber and plastics, pesticides, drugs and other chemicals and 
cement.   One more service sector, the railway transport service, was identified 
as an additional key sector in the period  1978-79.  These results clearly 
indicated that the Indian economy had become more diversified. Commenting 
on the results, they suggested that   the linkage criterion should not be used as 
the sole criterion for selecting key sectors, particularly in the case of developing 
countries [Dhawan and Saxena, 1992, p. 207]. Due to the difference in the level 
of sectoral aggregation, it is very difficult to make a direct comparison with the 
previous results obtained from the work done by Hazari. 
 
Applying a similar method to that of Hazari, Alauddin [Alauddin, 1986, pp. 421-
442] carried out  the identification of the key sectors of the  Bangladesh 
economy by employing the input-output table for  1976-1977 to rank the sectors, 
based  on output and employment criteria. He differentiated  the measure of 
sectoral linkages into gross linkage criteria by employing  the Leontief inverse 
matrix and net linkages resulting from the domestic inverse matrix.  Based on  
gross linkage criteria, four sectors  comprising petroleum,  miscellaneous 
industries,  transport service and  basic metals could be attributed  to key sectors 
of the economy. However,  very different results  were obtained when the 
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identification  was based on the net linkage criteria, in which most of the key 
sectors identified  were agricultural, such as jute, rice, other crops, livestock, 
woods.   Only two non-industrial sectors, namely, electricity and basic metals  
were identified as key sectors if the net linkage criteria were applied.  
 
Considering the effects on  employment, he also found that, in  most cases, 
agricultural sectors emerged as key sectors and no  industrial sectors, both for 
gross and for net employment effects. In  conclusion, he found a significance 
divergence in the ranking of sectors based on output and employment criteria in 
which non-agricultural sector ranked highly  on output terms and agricultural 
sectors ranked highly on the basis of  employment criteria.  Unfortunately,  there 
was  no sector that satisfied both output and employment criteria, and therefore, 
he stressed taking   trade-off between output and employment into consideration. 
 
The identification of the key sectors in some developing  countries was also   
carried out by [Laumas, 1975, pp.  62-79] for the case of Malaysia, Ceylon, 
Korea and Taiwan.   To make the results comparable, the available input-output 
tables of the respective countries were aggregated into 23 sectors.  Applying  
Rasmussen’s  method,  it was revealed  that Ceylon  had five key sectors: food 
industry (food, beverages and tobacco),   agriculture (agriculture, livestock, 
fishery, forestry),  service and trade, construction and  miscellaneous 
manufacturing. Key sectors in the Malaysian economy comprised the   food 
industry, agriculture, rubber processing,  metal mining, construction and service.  
In the case of Taiwan, six key sectors were  identified, comprising  transport, 
rubber processing, machinery,  non-ferrous metal, iron and steel and 
construction.  For the case of Korea, there were only four sectors which could be  
attributed to key sectors, namely textile and clothing, food industry,  agriculture 
and services.  Interestingly, there were some common key sectors  in the 
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countries under study.   Agriculture,  food industry and services were the three 
common leading sectors in  Korea, Ceylon and Malaysia.  In addition to these 
common key sectors, the more advanced countries had  additional key sectors, 
such as iron and steel,  textile, machinery,  chemicals and transport. 
 
Similar efforts in identifying key sectors in some developing countries were also 
made  in the case of Turkey [Hewings, 1982, pp. 173 – 195], Brazil [Hewings, et 
al., 1989, pp. 67-90], and Papua New Guinea [Karunaratne, 1976, pp. 280-305]. 
With the higher level of sector aggregation (10 sectors) Papua New Guinea had 
two key sectors, namely, commerce and manufacturing. In the case of Brazil, 
paper, textiles and chemicals  were  identified as key sectors for 1959 and in the 
two latter time periods of  1970 and 1975, metal products,  machinery, paper, 
textiles and food products become the leading sectors of the economy.  
 
3.6 The Limitations of the Existing Methods for Key Sector Identification  
 
The current efforts to promote economic growth in developing countries have 
stimulated great interest in inter-industry analysis aimed at  identifying   
development possibilities and providing  better consideration  of development 
policy.  However, increasing experiences with policies of deliberate  economic 
development have shown the difficulty of anticipating the changes taking place 
in the composition of demand and production.  The existing methods for 
measuring intersectoral linkage leading to the identification of the key sectors of 
an economy, indeed,  have provided a very valuable insight into the 
interdependence of the different sectors of an economy as potential areas for 
achieving economic growth [McGilvary, 1978, p. 56].  Moreover, there is no 
doubt about the general agreement on recognizing the importance of linkages 
between sectors in providing and transmitting growth stimulus for  economic 
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growth.  Unfortunately, there seems to be little consensus about the ways in 
which key sectors should be defined and  identified.  Obviously, the definition 
and the determination of  the key  sectors of an economy can be presented from 
different points of view, but the basic idea should be  how to identify sectors 
with a high potential for providing the induction of other sectors to grow.  These 
circumstances lead to the problem of establishing an empirical definition 
contained in the notion of key sector and, thus,  it would not be surprising if 
there were  no consistency in the results obtained from the aforementioned 
distinct methods.  
 
What is more important in defining key sectors according to  Hirschman’s and  
Rasmussen’s concepts  and Hewing’s approach is the internal structure of the 
economy without taking into consideration the level of production of each sector 
[Sonis et.al, 1995, p. 243]. These approaches suggest  that the internal structure 
of the economy is the only determinant to be considered in defining key sectors, 
regardless other relevant sectoral performances that may play a more  important 
role  in realizing the intended development goals. Clearly, these kinds of 
approaches are important only when the internal structure of the economy is 
overlooked in defining key economic sectors.  On the contrary, the pure linkage 
indices,  as introduced by Cella,  were used to look at the productive structure 
under consideration of  the different levels of a sector’s production. Defending 
his approach, he argued that the level of sectoral production  is also crucial in 
determining what sector is mainly responsible for changes in the levels of 
production for the whole economy.  
 
Regarding the degree of linkages, in general, the low value of backward linkages 
indicates a higher internal value added in the form of primary inputs, and a small 
coefficient of forward linkages indicates that the output is more likely to satisfy 
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the final demand [Sell, 1980, p. 463].  However, the high value of intermediate 
transaction  should also be viewed  with caution, as it may be a result of heavy 
reliance on purchased inputs and sometimes might be due to inefficient 
utilization of inputs.  Despite  the differences in the approaches, it should be 
recognized, however, that the different existing  methods should be viewed as  
complementary ways in quantifying linkage, leading to the identification of the 
key sectors  of an economy.   
 
Even though there have been some efforts to improve the methods for 
determining  key sectors through modifications, some fundamental  problems 
inherent to the existing methods  remain unresolved. These unresolved problems 
are due to  a total focus on the growth of production and a divorce from other 
goals  of development programs. Moreover, the  existing  linkage approaches 
suggest  that if technologies were identical across countries,  employing a 
similar aggregation level,  this would lead to a unique ranking of sectors, which 
may be unrealistic in regard of the real situation in  the country concerned.  
Concerning these limitations, it is frequently argued that it is not useful to 
identify the key sectors of an economy without considering  the concrete 
situation of the economy,  such as sectoral competitiveness, resource 
endowment, which also simultaneously considering the development goals have 
to be realized [Bharadwaj, 1966, p. 318].  
 
If the output growth does accelerate for  some sectors, in response to the 
differential impact of technological opportunities,  income elasticity of the 
demand for goods is bound to grow more rapidly than for other sectors. A 
particular sector may be leading in the sense of responding to an autonomous 
stimulus, but unless its contribution to the country's economic growth is 
substantial, in reality it is not leading  the country's economic growth and cannot 
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be regarded a  key sector, no matter how high its output’s growth rate.  
Obviously,  key sectors should not only be rapidly growing, but should also, 
more importantly,  provide a  substantial contribution, directly  and indirectly 
through its linkages,  to the total output of the whole economy. However, there 
is still the problem of how to determine the lower limit that can be considered a  
significant contribution to the economy, while it may  differ among countries 
and be sensitive to the level of aggregation. Regarding this issue [Meier, 1964, 
pp. 28-29] suggested that both the direct  contribution to autonomous growth -   
the sectoral share of the total output multiplied  by the growth rate percentage - 
as well as the indirect contribution  through its backward and forward linkages, 
should be taken into account  when defining key sectors.  
 
Recognizing  similar problems, Hazari [Hazari, 1970,  pp. 301- 305] suggested 
that  key sector identification should be explicitly related to what he called  the 
preference function of the decision makers. Moreover, he proposed the index of 
λi = Zi * wi  and λj=Zj*wj. as a weighting system in which the preference 
function of the decision makers is mapped  onto  the final demand sectors to 
developed.  Zi denotes the increase of the output level of sector i to sustain  a 
unit increase in the final demand for the products of all sectors.  Zj refers to the 
total increase in output needed to sustain an increase in  final  demand of the 
sector j.   The weight, wi = Yi / ΣYi,  refers to the proportion of  the final demand 
of sector i to the total final demand. However, since the country generally 
prepares  multi-objective development programs, a more  appropriate weighting 
system would be required than just  mapping the relative contribution of the 
sector  onto satisfying final demand.  Considering this issue, he argued that 
several weights can be applied to bring out the relative importance  of the 
different sectors of the economy, but he advocated that the appropriate weight 
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should be selected in accordance  with the objective function of the decision 
makers. It should be noted, however, that, during  this period, there were still 
considerable  empirical and conceptual difficulties regarding how to derive the 
key sector concept by considering all the related objectives in an appropriate and 
executable decision model.  
 
In recent years, the concept of key sectors has been quite important in the 
planning for economic development, particularly in the case of developing 
countries. Approaches aimed at regional development, such as growth poles and 
growth centers, characterize key sectors in a more complex fashion, rather  than  
just those having relatively strong forward and backward linkages. Accordingly, 
key sectors should also be rapidly growing, be relatively efficient, and become 
leading sources of innovations. The approach also provides the appropriate 
weighting system to deal with the various development goals to be realized. The 
sectoral ranking is then obtained by pre-multiplying the associated weight,  such 
as the import coefficient, export coefficient or  employment multiplier  by the 
Leontief inverse.  Despite being directed towards the realization of development 
goals, unfortunately, this  approach may also produce contradicting results of 
ranking  while it is carried out on an individual basis and do not solve the 
possibility of  conflicting objectives by allowing trade-off.  
 
To reconcile the conflicting development goals,  some works aimed at the 
identification of  the key sectors, have considered some  other relevant criteria, 
such as the maximization of employment, income, and foreign earnings. 
However, the approaches were simply an intersecting Venn diagram of the 
different individual results of the sectoral ranking as undertaken  by [Diamond, 
1974, pp. 101-103] for the Turkish economy  and by [Karunaratne, 1976, pp. 
300ff.] for the case of Papua New Guinea’s  economy. The drawbacks to these 
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approaches are obvious: they may lead to hard decisions allowing no  
consideration of trade-off  between goals, and this may thus result in an empty 
set, failing to identify the key sectors of the economy. Faced with similar 
problems, Clements and Rossi [Clements and Rossi 1991, pp. 166-187]   also 
tried to seek the relationship between linkages  with other  sectoral 
performances, such as  employment generation, income distribution, poverty, 
capital labor ratio, intermediate export and domestic resource cost.  But they  
simply correlated these sectoral performances statistically without providing 
sufficient theoretical consideration in support of  their assumptions. Examining 
the Brazilian economy, they  found that promoting a sector with a high 
backward linkage will have a favorable impact on employment generation.  On 
the other hand, high forward linkages per unit output are associated with low 
employment creation and  relatively  heavy reliance on imported inputs 
[Clements and Rossi, 1991, pp. 182-183]. 
 
Applying the existing methods and considering the nature and basic structure of 
input-output tables, key sectors are supposed to be found in the intermediate 
position in the hierarchy of sectors, which generally refers to the modern 
manufacturing sectors. In  most cases, the identification of key sectors based on 
the linkage approach implies that modern, capital-intensive manufacturing 
sectors will be considered as key sectors and  that sectors making more 
transactions to satisfy the final demand, such as the  agricultural sectors, will 
never be identified as key sectors. These results can be simply explained  by the 
fact that the degree of linkages of the agricultural sector are weak because of 
two reasons:   First, the bulk of agricultural output  goes directly  to satisfy  final 
demand, and secondly, agriculture  is composed basically of primary  and  
traditional activities, usually requiring a small proportion of intermediate inputs 
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from other sectors.  This suggestion is confirmed  by the empirical evidence 
resulting from  previous works.  
 
Development strategy promoting key sectors is expected to sustain higher 
growth in a sector’s production, but it might not optimally contribute to 
achieving other intended development goals, due to the fact that an  increase in 
production is not always accompanied by positive effects in terms of 
employment generation, income, domestic value added and foreign earnings. 
For example, the promotion of capital-intensive sectors in developing countries, 
whilst identical to the substitution of labor-intensive export production, will 
reduce the capability of solving unemployment and poverty problems. More 
importantly, industrial sectors  are generally heavily dependent  on  imported 
inputs, and this will  erode the potential of the net contribution to foreign 
earnings and may even cause more inequality of income distribution, including a 
worsening balance of payment.  
 
The results of the study on  the role of key sectors during the development 
process clearly reveal that, in terms of  employment capability, a key sector does 
not satisfy the  desired employment goal and is thus placed at the lower level of 
the ranking, as witnessed in the case of India [Hazari and Krishnamurty, 1970, 
pp. 181- 186] and the Bangladesh [Alauddin, 1986, pp. 421-442 ] economy.  
These results of the ranking may, to some extent, be attributed to the drawback 
of the approach, which separates the employment effects from the notion of a 
key sector, despite the fact that  employment generation is one of the main 
development goals to be realized.   
 
Although the need for intersectoral analysis is widely recognized, there is a 
general dissatisfaction with the use of the classic input-output model for 
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developing countries. The empirical data in developed countries also indicates 
that this strategy may also produce some disadvantages if applied to the 
developing countries. This possibility is due to the expectation that, in 
developing countries, the intra-sectoral dependence is likely to be more 
dominant than inter-sectoral dependence, whereas  more developed countries 
would begin to reflect increasing inter-sectoral dependence [Hewings, 1982, p. 
180]. It is commonly believed that the establishment of new industries, adoption 
of new technology and rapid change in the composition of output within a sector 
will more seriously affect the stability of input-output coefficients in developing, 
rather than in mature industrial countries. Moreover, the existence of sectoral 
and technological dualism may prevent the spreading effects being drawn evenly 
on all the sectors of the economy. The consequence is very conclusive: that if 
the induced effects are drawn heavily on one or a few sectors, although there is a 
great change corresponding to final demand for the respective sector, it will 
leave the rest of the economy unchanged.  
 
Planning for economic development must take action in order to break down the 
obstacles to growth and the persistence of  economic stagnation. The 
combination of an intense demand for  rapid growth and the existence of severe 
obstacles  to growth are the sources of  social and economic problems in many 
developing countries [Gill, 1967, p. 30]. One of the key problems is  concerning  
the balance of  the level of development and promotion between different 
sectors of the economy.  The debate about the development of agriculture  
versus the industrial sectors is actually part of a more general argument about  
whether a developing country should try to achieve progress in a variety of 
different directions simultaneously, or whether it should focus its efforts  
dramatically on  certain key or leading sectors of the economy. Obviously, with 
the recognition of the existence of the significant interdependence  between  the 
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different sectors of an economy, the development process should be carried out 
to achieve advancement  simultaneously over a wide range of sectors and thus 
any isolated effort will likely not succeed. 
 
Clearly,  the criticism of the limitations of various measures of linkage as a basis 
for the identification of the key sectors of an economy  is obvious, as they 
consider only the linkage measures and neglect other relevant aspects associated 
with sectoral performances [Bharadwaj, 1966, p. 315]. It is argued that the 
existing measures are too simple as a method for the empirical identification of 
the key sectors of an economy, and consequently also too crude as a basis for the 
assignment of sectoral priority for promotion.  The drawbacks may be  due to 
the fact that linkage indicators are  not designed to measure other relevant 
effects, such as on employment generation, income distribution, poverty 
alleviation, foreign earnings  and other goals intended to be achieved through 
the development programs. These inherent limitations can seriously alter the 
empirical results, which may provide misleading features of sectors that  will 
certainly affect the development policy to be implemented. 
 
Although the  usefulness of inter-industry analysis  has  until now been widely 
recognized,  there is  general dissatisfaction  with the use of the classical  input-
output approach.  One of the main drawbacks of  these conventional approaches 
is their failure to deal  with the conflicting objectives of development, due to 
their focusing  only on a partial analysis of the effects of the increasing final 
demand on the growth of production.  The aforementioned limitations, on  
which the priority assignment is based only on the degree of sectoral linkages,  
undermine the efforts to achieve different development goals simultaneously. 
This situation underlines the need to search  for more appropriate procedures in 
identifying the  key sectors of the economy, those which  would enable the 
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simultaneous consideration of  other relevant criteria associated with  the 
development goals which are to be realized. The achievement of  the different 
development goals  can only be realized by applying a consistent framework of  
overall analysis in which all intended goals and their relative importance  are 
simultaneously considered. An approach in this direction seems to provide better 
approximation to  assigning priorities among the sectors for future development.  
 
In the case of developing countries, the  consideration of  the appropriate 
decision matrix to be employed for measuring linkages is also very important. 
Concerning this issue, Archarya and Hazari [Acharya and Hazari, 1970, p. 109]  
introduced a concept of gross and net linkages in an effort to differentiate  the 
degree of linkages associated with the Leontief inverse matrix and the domestic 
inverse matrix respectively.  Applying  the data to India and Pakistan, they 
found empirical evidence of  substantial differences in the sectoral ranking, 
which were clearly affected by the level and structure of imports of the 
economy. Similar results were also  reported by [Bulmer- Thomas, 1978, pp. 73-
86] and [Allauddin, 1986, pp. 428ff.]. They argued that if, in a country, a 
substantial difference between the net and gross linkages persists over time for 
some sectors, then this constitutes a strong argument for using net rather than 
gross linkages for ranking sectors. Moreover, they argued that the gap between 
potential and  actual linkages in the key sectors can be closed  by  the pursuance 
of the strategy of import substitution. Conversely,  employing the technology 
matrix may yield a ranking of sectors which is quite unrealistic particularly 
when one must also consider the sectoral advantages, such as for labor intensive 
and natural-resource-based sectors. However, since the purpose of calculating 
linkages is to identify the potential areas of sectoral development, including 
import-substituting activities, the technology matrix  seems more suitable for 
use. 
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Considering these issues, many researchers have implicitly or explicitly  agreed 
that a broader context should be applied when  defining and identifying the key 
sectors of an economy. In their attempt to identify the  key sectors of the Indian 
economy [Dhawan and Saxena, 1992, p. 207]  came to the conclusion that, 
particularly  for developing countries, the linkage measure should not be used as 
the sole criterion for the key sector. Acknowledging   a similar concern, Hazari 
advocated that key sectors should  neither be defined nor identified uniquely 
using the general method, but one should be designed in accordance with  the 
requirements for  attaining the intended development goals. He suggested that 
key sector identification should be explicitly related to what he referred to as 
“goals” or the preference function of the decision-makers.  
 
It becomes increasingly clear that the identification of the key sectors in the  real 
world is more complicated than simply  determining a sector with relatively 
strong forward and backward linkages. The drawbacks inherent in the existing 
approaches  clearly underline the need to consider other relevant criteria related 
to the sectoral performances in interpreting the notion of key sectors of an 
economy. Given the limitations of the linkage approach in identifying key 
sectors, an alternative approach  providing a more appropriate interpretation of 
the notion of the key sector is required.  The new approach should provide a new 
perspective and broader spectrum by taking into account all the relevant criteria 
for delivering a more realistic approach and more  satisfactory results than the 
existing methods have so far employed and supplied.  
 
Concerning  the use of the extent of linkages as key criteria for leading sectors, 
Rostow clearly advocated that the linkage effect should not be regarded as the 
sole criterion of key sector. The use of  linkages as key criteria in defining and 
identifying key sectors is justified only if the two following conditions are 
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satisfied. First, if the intersectoral market mechanism is well functioning and 
second, when  income and investment of the population have achieved a 
particular level to sustain further growth [Rostow, 1960, p.   56]. If the stage of 
development of a country is still in the pre take-off  phase, the importance of 
promoting a sector  providing a better income, more employment opportunities 
and foreign earnings is likely to be given a  higher  priority than  those of 
linkage. Accordingly, if a country is still at the pre take-off development stage, 
the notion of a key sector  should, thus, refer to key criteria associated with  high 
value added, employment generation capability and a net foreign exchange. He 
concluded that, only when the stage of take-off comes, implying that  both the 
necessary conditions have been  satisfied, can the degree of linkage  be used as 
key criteria  for the  identification of the key sectors of an economy.  
 
Hirschman himself  later proposes some extension and generalization of the 
linkage concept along several lines and suggests the need to consider  the other 
effects  because of their similarities with  backward and forward linkages, for 
example the linkage effects between consumption and fiscal [Hirschman, 1977, 
pp. 67-98]. 
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4  FUZZY SET THEORY  
 
4.1 Introduction 
 
The classical or crisp set is generally defined in a such a way as to dichotomize 
the individuals in a given universe of discourse into two groups, members and 
non members.  There exists a sharp, unambiguous distinction between members 
and non-members of the set, and, therefore, each single element can  either 
belong to or not belong to the set [Klir and Yuan, 1995, p. 4-5], [Zimmermann, 
1996, p. 11]. To describe such a classical set, one can either enumerate the 
elements that belong to the set, by stating the conditions for its membership or 
define the membership element by using the characteristic function, in which 1 
indicates membership and 0 denotes non-membership.  
 
On the contrary, a fuzzy set can be defined mathematically by assigning to each 
possible element in the universe of discourse a value representing its grade of 
membership to the fuzzy set. When A is a fuzzy set and x is a relevant object, 
the proposition "x is a member of A" is not necessarily either true or false, as 
required by classical dual logic, but it may be true only to some degree, the 
degree to which x is actually a member of A.  Moreover, it is very often feasible 
to express degrees of membership in sets as well as degrees of truth of the 
associated propositions by real numbers in the closed unit interval of [0, 1]. This 
grade of membership corresponds to the degree to which  an element is similar 
to or compatible with the concept represented by the respective fuzzy set.  
Obviously, an element may belong to the fuzzy set to a greater or lesser degree, 
as indicated by a larger or smaller membership grade. These sets have imprecise 
boundaries that facilitate gradual transition from membership to  non-
membership and vice versa. From this point of view, fuzzy set theory can be 
 92 
considered  the generalization of the classical set theory and the membership 
function as a generalization of the characteristic function, in which only two 
grades of membership, 0 or 1 are allowed [Zimmermann, 1993, p. 91; 1996, p. 
13],  [Klir and Yuan, 1995, p. 4-5]. The capability of fuzzy sets to express 
gradual transition from membership to non-membership and vice versa provides 
a broad utility, mainly in enabling a meaningful and powerful representation of 
measurement uncertainties and representation of vague or ill-defined concepts 
expressed in natural language [Klir and Yuan, 1995, p. 4].  
 
It has been widely recognized [Bellman and Zadeh, 1970, p. B143] that most of 
the decisions made in the real world taken place in an environment in which the 
goals and constraints, due to their complexity, are not known precisely and thus 
the problem cannot be exactly defined or  precisely represented in a crisp value. 
To deal with the kind of qualitative, imprecise information or even ill-structured 
decision problems, [Zadeh, 1965, pp. 338-353] suggested  employing fuzzy set 
theory as a modelling tool for complex systems that can be controlled by 
humans but are hard to define exactly. The following sections describe some 
basic definitions and operations of fuzzy sets, including the extension principles 
and the operations involved in the aggregation of information. 
 
4.2 Basic Definition of Fuzzy Sets 
 
Following [Zadeh,  1965, p.338], let X =  {x } denotes a collection of objects, 
with a generic element of X denoted by x. Then the  fuzzy set A in X is  
characterized by a membership function µA(x)  which associates  with each point 
in X a real number in the interval [0,1].  
 
A= {(x, µA(x)) },    for x ∈ X 
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Where µA(x) represents the grade of membership of x in A, and µA:X → M is a 
function from X to a space M called the membership space.  When M contains 
only two points, 0 and 1, A is non-fuzzy and its membership function becomes 
identical with the characteristic function of a non-fuzzy set. In the case of a 
fuzzy set, there is a class of objects with a continuum membership grade.  For 
the sake of simplicity,  usually  M is normalized and, thus, can be described in a 
closed interval of [0,1], with 0 and 1 representing the lowest and highest grades 
of membership, respectively [Bellman and Zadeh, 1970, p. B143],  [Chen and 
Hwang, 1992, p. 42].  
 
Some basic concepts corresponding  to the characteristics of fuzzy sets can be 
described as follows [Bellman, L.E. and  L.A. Zadeh, 1970, pp. 144-145]: 
 
Normality: 
A fuzzy set A is normal if and only if  Supx µA(x) = 1, that is, the supremum of 
µA(x) over X is unity.  A fuzzy set is subnormal if it is not normal.  A non-empty 
subnormal fuzzy set can be normalized through the division of each µA(x) by the 
factor Supx µA(x). A fuzzy set A is empty if and only if µA(x) = 0. 
 
Support: 
The support of a fuzzy set A is a set S(A) such that x ∈  S(A)  ⇔  µA(x) > 0. If 
µA(x) is equal to a constant over S(A), then A is non-fuzzy.  
 
Convexity and Concavity: 
Let A be a fuzzy set in X = Rn.  Then A is convex if and only if for every pair of 
points x, y in X, the membership function of A satisfies the inequality:  
µA(λx +(1- λ)y) >  Min(µA(x), µA(y)), for 0 < λ< 1.   
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Dually, A is concave if its complement A' is convex.  It is easy to show that if A 
and B are convex, so is A ∩ B.  Dually, if A and B are concave, so is A ∪B. 
 
Equality:  
Two fuzzy sets are equal, denoted by A=B, if and only if µA(x)=µB(x) for all x in 
X. 
 
Containment: 
A fuzzy set A is contained in or as a  subset of a fuzzy set B, written as A ⊂ B, if 
and only if µA(x) ≤  µB(x).  
 
4.3  Basic Operations of Fuzzy Sets 
 
The basic operations used in the crisp set, such as complement, intersection and 
union,  can also be applied to fuzzy sets which perform precisely like the 
corresponding operations for crisp sets  when the range of membership grades is 
restricted to the set {0,1}. These standard fuzzy operations are clearly a 
generalization of  the corresponding  classical set operations.  However, these 
operations are not  the only possible generalization  of the classical operations 
[Klir and Yuan, 1995, p. 50], since there  exist  a broad spectrum of classes  of 
functions whose members qualify  as a fuzzy  generalization.  Unlike the crisp 
operations, these standard fuzzy operations  are not unique, but they can be 
represented appropriately by different functions in different contexts , due to the 
operations on fuzzy sets being context-dependent. The capability of  
determining appropriate membership functions and meaningful operations in the 
context of a particular application is crucial for making fuzzy sets theory 
practically useful in support of the   decision making process.  
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4.3.1 Intersection of Fuzzy Sets   
 
Zadeh [Zadeh, 1965, pp. 340ff.; and 1973, pp. 33ff.] introduced the maximum-
operator and minimum-operator to represent the union and intersection of fuzzy 
sets respectively, which was also justified by Bellman and Giertz [Bellman and 
Giertz, 1973, pp. 149-156]. The intersection of fuzzy set A and B is denoted by 
A ∩ B is defined as the largest fuzzy set contained in both A and B. 
Mathematically, the membership function of A ∩ B is given by: 
 
µA∩ B (x) = Min(µA(x) , µB(x)),  for x ∈  X 
 
Where Min(a,b) = a if  a ≤ b and  Min(a,b) = b if  a > b.  In infix form, using  the 
conjunction symbol ∧, the intersection of two fuzzy sets can be simplified as: 
 
µA∩ B  =  µA  ∧ µB 
 
From the logical point of view, the operation of the intersection of fuzzy sets 
corresponds to   the connective and that is represented by the min-operator.   
 
4.3.2 Union of Fuzzy Sets  
 
The union of A and B, denoted as A ∪ B, is defined as the smallest fuzzy set 
containing both A and B. The membership function of A ∪ B is given by: 
 
µA∪B (x) =  Max (µA(x),µB(x)),   for x ∈  X 
Where Max(a,b) = a if  a ≥ b and  Max(a,b) = b if  a < b. In infix form, using  the 
disjunction symbol ∨, the union of two fuzzy sets can be simplified as: 
µA ∪B  =  µA  ∨ µB 
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The union of A and B can be  interpreted as the connective or as modeled by the 
max-operator. The operation of  ∨ and ∧ are associative and distributive over 
one another. 
 
4.3.3 Complement of Fuzzy Sets  
 
The operation of complementation corresponds to negation.  The complement of  
fuzzy set A denoted by  A' is defined by the following formula:  
 
µA' = 1 - µA,  for x ∈  X 
 
4.4 The Extension Principle and  Extended Operations for Fuzzy Sets  
 
4.4.1 The Extension Principle  
 
The basic definition of a fuzzy set considers that the membership function 
should be crisply defined, which is generally known as type A or type 1 fuzzy 
set.  However, due to the limitations of human beings in representing the crisp 
value of fuzzy membership, some authors [Zadeh, 1973. p.52],  [Zimmermann, 
1996, p.23] suggested an extension of the  notion of a fuzzy set whose 
membership function itself is a fuzzy set on {0, 1}. The linguistic variable 
expressed by terms such as good, important or high are the common examples of 
fuzzy set type B or type 2. Moreover, it is also possible to extend  the general 
definition into a type n fuzzy set, defined as a fuzzy set in X whose membership 
value is type n-1, n >1, fuzzy sets on [0,1].  As a  consequence of this extended 
definition,   the basic operations, comprising intersection, union and 
complement  are no longer adequate for dealing  with the intended operations 
[Zimmermann, 1996, p.24].  
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The extension principle, as introduced by Zadeh, is one of the basic concepts of 
fuzzy set theory that provides   general methods for extending a  non-fuzzy 
mathematical concept to deal with fuzzy quantities. The  extension principle 
fuzzy set is, in essence,  a basic identity  which allows the domain of the 
definition  of a mapping or a relationship to be  extended  from point in U to 
fuzzy subset of U. It becomes the important tool by which a classical crisp 
concept  can be generalized into  fuzzy quantities [Zadeh, 1973. pp.45-51,  Chen 
and Hwang, 1992, pp. 63-65].  Therefore, it plays an important role  in enabling 
us  to extend any point  operations to operations involving a fuzzy set. 
 
Suppose f is a function that maps Cartesian product of universes X= X1 x X2  x … 
x Xn , and A1, A2, …, An  be n fuzzy set in X1, X2, …, Xn  respectively.  The 
Cartesian product of A1, A2, …, An is defined as: 
 
A1 x A2  x … x An =  ∫ x1 x x2  x … x xn min(µA1(x1), …., µAn(xn)/(X1,  X2,  … 
,Xn) 
 
f is a mapping from x to universe Y such that y = f(x1, x2,…., xn) where y ∈Y 
and  xi ∈Xi, for all i, such that:  
 
f: X1 x X2  x … x Xn  ? Y 
 
Then the extension principle allows us to define a fuzzy set M as follows: 
 
M = {(y, µM(y))| y = f(x1, x2,…., xn), (x1, x2,…., xn) ∈ X}  
 
Where: 
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sup         min {µA1(x1), …., µAn(xn)}      if f-1(y) ≠  0  
y= f(x1,..., xn) µM(y) =   
0                                                               otherwise 
 
Where f-1 is the inverse of f.  Note that the above definition is valid only if the 
inverse of f is not zero.  When f-1(y) =  0, then µM(y)=0. 
 
In the  case of  n=1, the extension principle is reduced to: 
 
Sup µA(f-1(y))                      if f-1(y) ≠  0  
 µM(y) =   
0                                           otherwise 
 
Based on this extension principle, fuzzy set theory can be applied  in the wider 
area of classical mathematics, covering both   function as well as  relation. 
 
4.4.2 Fuzzy Numbers 
 
Among the various types of fuzzy sets, those fuzzy sets are of special 
significance that are defined on the set R of real numbers.  In many situations, 
one is only able to characterize the numeric information imprecisely  [Yager and 
Filev, 1994, p. 15] such as “around 10”, “more than unity” or “nearly zero”, 
which  can further be represented as a fuzzy subset of the set of real numbers. 
The membership function of these sets in a closed interval of µA(x): R ⇒ [0,1] 
clearly has a quantitative meaning, which in certain conditions can be viewed as 
fuzzy numbers or fuzzy intervals. To qualify as a fuzzy number, a fuzzy set A 
on R must satisfy the condition of normality in which the  membership value 
must be in a closed interval of [0,1] and its support must be bounded [Klir and 
Yuan, 1995, p. 97]. One type of fuzzy number is known as a triangular fuzzy 
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number [Zimmermann, 1987. p. 140] on R, which is characterized by a 
triangular membership function as depicted in Figure 4-1. 
 
Mathematically, the membership function  for a triangular fuzzy number is 
defined as: 
 
(1/(q-p))x - (p/(q-p))    for x  ∈ [p,q]  
(1/(q-r))x - (r/(q-r))      for x  ∈ [q,r]   µA(x) = 
0                                   otherwise  
 
 
 
                 1 
 
 
 
 
 
          p                    q                 r                              X 
 
 
Figure 4-1:  Triangular fuzzy number 
 
For a triangular fuzzy number, the extended algebraic operations on the basis of 
the extension principle are  rather laborious, which generally leads to the use of 
approximation formula [Dubois, Didier and Prade, 1980]. The approximation 
can be improved as more α-cuts are utilized, however, these will increase  the 
complexity of  computation in parameter estimation.  For triangular  fuzzy 
numbers  N1 = (p1,q1,r1) where p1 ≤ q1 ≤ r1  and N2(p2,q2,r2) in which p2 ≤ q2 ≤ r2, the 
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extended algebraic operations can be described as follows [Karsak and Tolga, 
2001, p.62]:  
 
Image of N1: 
-N1  = (-r1,-q1,-p1) 
Inverse of N1: 
N1-1  ≅ (1/r1, 1/q1, 1/p1) 
For addition: 
N1(p1,q1,r1) ⊕ N2(p2,q2,r2) = N (p1+p2, q1+ q2, r1 +r2) 
For subtraction: 
N1(p1,q1,r1) θ N2(p2,q2,r2) = N (p1- r2, q1- q2, r1 - p2) 
For multiplication: 
N1(p1,q1,r1) ⊗ N2(p2,q2,r2) ≅= N(p1x p2, q1 x q2, r1 x r2) 
For division: 
N1(p1,q1,r1) ∅ N2(p2,q2,r2) ≅ N (p1/r2, q1 / q2, r1 / p2) 
 
Although  triangular  fuzzy numbers  are used most often  for representing fuzzy 
numbers, other types such as bell-shape and trapezoidal [Klir and Yuan, 1995, p. 
292-293],  [Zimmermann, 1996, p. 58.] may be preferable  in some applications. 
 
The membership function of a bell-shaped fuzzy number f ( x,α,β,γ) is defined 
by the formula: 
 
 
µA(x) = γe – (x-α)2/β  
 
Where  α controls the position of the center of the bell,  δ=  √(β/2) defines to the 
inflection points and γ refers  to the height of the bell. 
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               γ 
                      
 
 
 
    δ 
              α                                     X 
 
Figure 4-2:  Bell-shaped fuzzy number 
 
A trapezoidal shaped function, as shown in Figure 4-3, is defined  according to 
the following membership function: 
 
 0                               for   x  <  a   and  x > d  
(a-x)h /a-b                for   a   ≤  x ≤ b   
µA(x) = h                               for   b   ≤  x ≤ c 
 (d-x)h /d-c                for   c   ≤  x ≤ d 
 
 
 
               h 
                      
 
 
 
                                 a               b                    c          d           X 
 
Figure 4-3:  Trapezoidal fuzzy number 
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4.4.3 Linguistic Variables 
 
In many situations, some of the concepts encountered in various domains of 
human knowledge in everyday life are much too complex to conform to a simple 
or precise definition using a crisp set. This is true, for example, in the definition 
of some concepts in the economy, such as of  utility, recession, investment 
environment, key sectors, creditworthiness and country risk.  For such 
situations, crisp or quantitative data are inadequate for modelling real-life 
situations, since human judgements, including preferences, are often vague and 
a person cannot estimate his or her preference with an exact numerical value, but 
perhaps  in a qualitative form  [Herrera and Herrera-Viedma, 2000, p. 67]. One 
special form of fuzzy set,  known as a linguistic variable, is introduced to  
represent the imprecision inherent in the information or the result of verbal 
evaluation in which words or sentences are used in place of numbers to describe 
phenomena.  The linguistic approach may be appropriate to represent such 
above definitions, due to  this concept enabling  the approximate 
characterization of complex or ill-defined problems, in which the expression in a  
conventional way is almost impossible.  The use of the linguistic approach in the 
case of humanistic systems is dictated by the fact that, as the complexity of a 
system increases, human ability to make precise and yet significant statements 
about its behavior diminishes until a threshold is reached beyond which 
complexity, precision and significance can no longer coexist [Zadeh, 1976, p. 
250].  
 
The basic features of the linguistic approach are that it sacrifices precision to 
gain significance, and thus makes it possible to analyze, in an approximate 
manner, the humanistic as well as mechanistic systems that are too complex for 
the application of classical techniques. Contrary to  the numerical variables, 
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linguistic variables are not represented by a crisp value, but by a word or term in 
the form of artificial or natural language [Zadeh, 1973, p. 3]. The intention of 
using a linguistic variable is mainly motivated by the need  to represent the 
whole  content of  the human  language, but still be able  to carry out 
information processing  using the available data processing tools.  
 
Considering the fuzziness in the decision making process, linguistic variables 
are commonly being used to provide a more realistic approach to assessing the 
performance of each alternative, including its importance with respect to each 
criterion. Each linguistic variable is expressed  by linguistic terms as  a possible 
interpretation of technical figures, represented as  a specific fuzzy number 
defined in terms of a base variable [Klir and Yuan, 1995, p. 102]. A base 
variable is the variable in the classical sense, exemplified by  any physical 
variable (temperature, pressure and speed) as well as a numerical variable (age, 
interest rate and wage).  In a linguistic variable, linguistic terms representing  
linguistic concepts are not only predominantly inherently fuzzy, but also their 
meanings  are almost always context dependent and containing subjectivity [Klir 
and Yuan, 1995, p. 281]. For example, the concept of large distance, measured 
in km,  has different  meanings contained in the context of walking, driving or 
air travel.  This  will also directly affect the meaning  of operation on the 
respective linguistic terms. 
 
Formally, a linguistic variable was defined as a variable whose values are not 
numbers but words or sentences, which can be  generally characterized by  a 
quintuple (x, T, U,G and M).  The name of a variable is denoted by x, T denotes 
the set of linguistic terms of x, that refers to a base variable whose values range 
over a universal set of  U. The base variable is usually a physical or numerical 
variable in which the linguistic terms are defined. G is a syntactic rule, a 
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grammar for generating linguistic terms and M is a semantic rule that assigns to 
each linguistic term t ∈ T its linguistic terms, M, which is a fuzzy set on U 
[Zimmermann, 1996, p. 131],  [Klir and Yuan, 1995, pp. 102-103]. 
 
 Age
Linguistic variable (x) 
 
 
Linguistic 
values (T) 
 
Semantic rule (M) 
                                 1 
Fuzzy restriction 
(syntactic rule, G) 
Very  young young old very old 
 
 
0    15          30       50          60       75      85       100   Year 
            Base  variable (u) 
 
 
Figure 4-4:  Hierarchical structure of  the linguistic variable “Age” 
  
The values of a linguistic variable are generated from primary terms (e.g. young 
and old in the case of the linguistic variable Age), using  various hedges (e.g. 
very, more or less, etc.) and connectives (AND, OR, NOT). One of the most 
important characteristics of linguistic variables is that the meaning of the 
primary terms is context-dependent, whereas the meaning of the hedges and 
connectives is not. Another important characteristic of linguistic variables is the 
universality of their structure, i.e., most linguistic variables have the same basic 
structure in the sense that their respective linguistic values have the same 
expressions except the primary terms.  
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Each linguistic value is characterized by a syntactic value or label and a 
semantic value or meaning. The label is a word or sentence belonging to a 
linguistic term set and the meaning is a fuzzy subset in a universe of discourses. 
Most applications use odd linguistic variables, due to the fact that most 
linguistic variables are defined symmetrically, where one term describes  the 
middle between the extremes [Von Altrock, 1995, pp. 227-228]. In general, 
linguistic variables consist of between three to seven terms, due to the fact that 
human short-term memory can only compute up to seven symbols at a time 
[Miller,  1956,  pp. 81-97]. 
 
The fundamental elements in human reasoning are sentences, normally 
containing vague concepts and having a truth degree implicitly or explicitly, 
which is often expressed by linguistic values of a linguistic truth variable [Ho 
and Nam, 2002, p. 230]. Therefore, the concept of  a linguistic variable is very 
useful in dealing with situations which are too complex or too ill-defined to be 
reasonably described in conventional quantitative expressions. Moreover, the 
linguistic terms are often the most intuitive and effective way for decision-
makers to use in the evaluation process to provide a more realistic and 
appropriate approach [Chen, 2000, p. 7]. From this point of view, fuzzy set 
theory is able to give a consistent representation of linguistically formulated 
information in a way that allows the use of precise operators and algorithms.  
 
In order to approximate linguistic values mathematically, one can transform 
them into fuzzy form by specifying the corresponding membership functions in 
the universe of discourse. In the above example of linguistic variable Age, the 
linguistic values can be represented by fuzzy sets of very young, young, old and 
very old defined in the universe of U=[0,100], in which the based variable of u 
represents the age in years of human life. 
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4.4.4 Extended Operations of Fuzzy Sets  
 
The extensions of fuzzy set definition provide more advantages, mainly for 
responding to the adaptability and intuitive justification or axiomatic 
argumentation in representing the human perception in decision making. 
However, these lead to the consequence that the basic standard operations, such 
as intersection, union, and complement, defined so far are inadequate for this 
new type of fuzzy set. Some extensions of the basic operations are therefore 
required, particularly with respect to the generality and adaptability of the 
operators.  It is not possible anymore to only focus on hard operation, but also  
soft operation should be able to be dealt with. For example, the extensions of 
fuzzy set operations should also enable the  carrying out of other operations 
beyond the minimum and maximum operations.  Responding to this 
requirement, some families of fuzzy set operators have been developed and 
systematically presented in many related works.   
 
The difficulty in determining a suitable operator  can be illustrated by the 
intersection operation [Zimmermann, 1987,  p. 194]: 
 
 
  intersection                                     logical and 
 
 
 
  min  or product    linguistic and 
  operator 
 
 
                               formal  relation,  axiomatically justified and proven 
   psychological relation, not proven     
 
Figure 4-5: Relationship of “ and ” aggregation 
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The linguistic and used in daily language such in statement  “the objective 
function and the constraints have to be satisfied”  corresponds to the logical and 
associated with  the set theoretic intersection. The relation between intersection 
and logical and, and between intersection and min- or product operator are 
formal relations, which are mathematically proven and also in accordance with 
the truth table of the dual logic. On the contrary, the relation between linguistic 
and, logical and and the associated operator are a factual statement, containing 
psycholinguistic characters,  thus not formally proven and the truth of which, 
obviously, can only be tested empirically. If a decision maker uses an  and 
operation for a verbal relation, what he or she  means may  not always be 
associated with the logical and according to dual logic.  One possibility of 
resolving this problem is to carry out an empirical test to find out the actual 
picture about the behavior of human judgement or by allowing a certain degree 
of compensation.  
 
There is a clear differentiation in the perceived intention contained in a hard and 
soft operation.  For instance, between a hard and operation, which corresponds 
to the conjunction and does not allow any trade-off, and a soft and, which 
corresponds to the algebraic product of a fuzzy set that allows some degree of 
compensation. Similar differentiation  can also be made between hard or, which 
corresponds to the disjunction, and a soft or, corresponding to the algebraic sum 
of two or more fuzzy sets. From the mathematical, as well as practical points of 
view, the identification of and with a conjunction is preferable to its 
identification with a product, except where a conjunction clearly does not 
express the sense in which one wants and to be interpreted.  For this reason, in 
the following and will be understood to be a hard and unless explicitly stated 
that it should be interpreted so a soft and [Bellman and Zadeh, 1970, pp. 144-
145]. 
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Table 4-1: Classification of aggregation operators 
 
Intersection operators  
(t-norms) 
Averaging operators Union operators 
(t-conorms) 
Non-parameterized 
Minimum algebraic 
product 
Arithmetic mean, 
geometric mean 
Maximum algebraic 
Sum  
Bounded sum  Bounded difference 
Hamacher product Hamacher sum 
Einstein product Einstein sum 
Drastic product 
Symmetric summation 
and differences 
Drastic sum 
Parameterized 
Hamacher-
intersection- operators 
Fuzzy and, fuzzy or Hamacher-union-
operators 
Yager-intersection- 
operators 
Yager-union-operators 
Dubois-intersection-
operators 
Compensatory and, 
convex combination of 
maximum and minimum, 
or algebraic product and 
algebraic sum 
Dubois-union-operators
 Source: Zimmermann, 1996, p. 39. 
 
In general, the set-theoretic connectives can be broadly classified into three 
categories comprising union, intersection and averaging connectives, as 
summarized in Table 4-1. Operators that satisfy reasonable axioms for a truth-
functional definition of intersection are called triangular norms or t- norms.  
Operators that satisfy reasonable axioms for a truth-functional definition of 
union are called triangular conorms or simply as t- conorms.  A general form of 
connectives operates between these two types of connectives known as the 
averaging operator.  
 
4.4.4.1 Intersection Operators (t-norms) 
 
For the intersection of fuzzy sets, there are some commonly used connectives 
belonging to triangular or t-norms comprising min-operator, algebraic product 
[Zadeh, 1965, p. 340], and bounded product, as summarized in Table 4-2.  
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Table 4-2: The family of t-norm operators 
 
Type Formula 
Drastic product           min{ µA(x), µB(x)} if max {µA(x), µB(x)} = 1 
t(µA(x), µB(x)) =   0,  otherwise 
Bounded difference t(µA(x), µB(x)) = max {0,  µA(x) + µB(x)-1}  
Einstein product t(µA(x), µB(x)) = µA(x).µB(x))/(2-[ µA(x)+ µB(x)- 
(µA(x).µB(x)])  
Algebraic product t(µA(x), µB(x)) = µA(x).µB(x) 
Hamacher product t(µA(x), µB(x)) = µA(x).µB(x))/( µA(x)+ µB(x)- 
(µA(x).µB(x))  
Minimum t(µA(x), µB(x)) = min{µA(x), µB(x)} 
   Source: Chen and Hwang, 1992, pp. 50-42;   Zimmermann, 1996, pp. 31-32. 
 
By defining the function t as a general class of intersection operators for fuzzy 
sets, these operators satisfy the monotonic, commutative and associative 
properties as follows [Zimmermann, 1996, p.30]:  
 
Boundary condition: 
t(0,0) = 0,  
t(µA(x), 1) = t(1, µA(x)) =  µA(x),  for x ∈  X  
Monotonicity:  
t(µA(x), µB(x)) ≤ t(µC(x), µD(x))  if µA(x) ≤ µC(x) and µB(x) ≤ µD(x)   
Commutativity: 
t(µA(x), µB(x)) = t(µB(x), µA(x))   
Associativity: 
t((µA(x), t(µB(x), µC(x))) =  t(t(µA(x), µB(x)), µC(x))   
 
4.4.4.2 Union Operators (t- or s-conorms) 
 
Regarding  the class of union operators, a general class of union operators (t-
conorm) is commonly used, comprising  max operator, algebraic sum and 
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bounded sum. By defining the function s as  a general class of  intersection 
operators for fuzzy sets, these operators satisfy the monotonic, commutative and 
associative properties as follows [Zimmermann, 1996, p. 30]:  
 
Boundary condition: 
s(1,1) = 1,  
s(µA(x), 0) = s(0, µA(x)) =  µA(x),  for x ∈  X  
 
Monotonicity: 
s(µA(x), µB(x)) ≤ s(µC(x), µD(x))  if µA(x) ≤ µC(x)  and  µB(x) ≤ 
µD(x)   
 
Commutativity: 
s(µA(x), µB(x)) = s(µB(x), µA(x))  
 
Associativity: 
s((µA(x), s(µB(x), µC(x))) =  s(s(µA(x), µB(x)), µC(x))   
 
The families of t-norms and t-conorms operators are related in terms of  their 
logical duality.  It is also obvious, that for normal fuzzy sets, min-operator and 
max-operator bound the intersection and union operations respectively. The 
min-operator, the algebraic product, and the bounded product may be seen as 
three basic operators for the intersection for measuring  the different degree of 
and in the decision space.  On the other hand, max-operator, algebraic sum and 
bounded sum can be seen as the basic operators for the union.  These varieties 
lead to  difficulties in choosing the appropriate operator to perform the intended 
combination of different  fuzzy sets.  To overcome these difficulties, the use of 
parameterized operators would enable  the decision-maker  to define  the strong 
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of fuzzy and  and fuzzy or in the decision space. Some parameterized  
aggregation operators, such as intersection and union operators, have been 
introduced that are axiomatically also justified [Hamacher, 1978], [Yager, 1980] 
and [Dubois and Prade, 1980, 1982.].  The interest  in involving intersection  and  
union  operations  relies on the basic intention of decision making, to select or 
rank the best alternatives (OR operation) which simultaneously  satisfy goals 
and constraints (AND operation) [Simoes-Marques, Riberio and Gameiro-
Marques, 2000, p. 141].  
 
Table 4-3: The family of t-conorm operators 
 
Type Formula 
Drastic sum           Max{ µA(x), µB(x)} if min {µA(x), µB(x)} = 0 
s(µA(x), µB(x)) =   1,  otherwise 
Bounded sum s(µA(x), µB(x)) = min {1,  µA(x) + µB(x)} 
Einstein sum  s(µA(x), µB(x)) = µA(x) + µB(x)/(1 + µA(x).µB(x)) 
Algebraic sum s(µA(x), µB(x)) = µA(x)  + µB(x) - µA(x).µB(x), 
Hamacher sum s(µA(x), µB(x)) = (µA(x)+ µB(x) - 2µA(x).µB(x))/(1-
(µA(x).µB(x)) 
maximum s(µA(x), µB(x)) = max{µA(x), µB(x)} 
  Source: Chen and Hwang, 1992, pp.50-42.   Zimmermann, 1996, pp. 31-32. 
 
4.4.4.3. Averaging Operators 
 
In many cases of multiple criteria decision making problems in the real world, 
the intention of the aggregation mechanism  carried out by the decision maker  is 
neither  the pure and of t-norm without  compensation, nor the pure or  of the t-
conorm with maximum degree compensation. These kinds of intentions clearly 
indicate that the attitude of decision makers  is not necessarily  absolutely 
optimistic or absolutely pessimistic, but may lie between the two. Managerial 
decisions almost always allow for some degree of compensation between 
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different criteria, and therefore, the decisionn maker should realize the need of  
considering trade-off between conflicting goals by allowing a certain degree of 
compensation [Shih and  Lee, 2000, p. 72].  This implies that the type of 
aggregation operators should lie between  these two extremes, to guarantee that 
the aggregation operation can  satisfy the intended goals to a  certain degree. 
 
The degree of compensation is widely used  in different  decision contexts 
involving  conflicting  criteria,  due to its simplicity and applicability  in solving  
various multi-criteria decision making problems [Yeh, Deng and Chang, 2000, 
p. 464]. By considering trade-off  between criteria, the aggregation result will lie 
between the most optimistic lower bound and the most pessimistic upper bound, 
that is, between the minimum and the maximum degree of membership of the 
aggregated sets [Zimmermann, 1996, pp. 35-36]. These kinds of compensatory 
operators comprise both  non-parameterized and parameterized operators. The  
arithmetic and geometric means perform the non-parametric mean aggregation. 
For the parameterized averaging aggregation operators, the aggregation 
operators fuzzy and and fuzzy or as suggested by [Werners, 1984] and the 
compensatory operator introduced by [Zimmermann and Zysno, 1980, pp. 37-51 
] are the most cited in much literature.  
 
The fuzzy aggregation operators fuzzy and and fuzzy or combine the minimum 
and maximum operators, respectively,  as denoted by the following formula:  
 
The fuzzy and operator  is defined as: 
 
 µand (µA(x), µB(x)) =  γ . min [(µA(x), µB(x)] + [(1-γ )( µA(x) + µB(x))]/2 ,  
 for x ∈  X, γ ∈[0,1] 
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The fuzzy or operator  is defined as: 
 
µor(µA(x), µB(x)) =  γ . max[(µA(x), µB(x)] + [(1-γ )( µA(x) + µB(x))]/2,   
for x ∈  X, γ ∈[0,1]  
 
The parameter γ can be interpreted as the degree of nearness to the strict logical 
meaning of and and or, respectively.  For γ = 1, the fuzzy and is equal to  the 
minimum operator, and the fuzzy or is reduced to the maximum operator.  The 
value of γ = 0 yields for both the arithmetic mean. 
 
[Zimmermann and Zysno, 1980]  advocated about the importance of selecting 
the appropriate operator aimed at obtaining the intended aggregation result. 
They did empirical tests and suggested a general form of compensatory operator 
known as  compensatory and or gamma operator,   involving the parameter γ 
and  defined as follows:  
                         m                                          m 
µAi, comp(x) =  [ π µi(x)] (1-γ) . [ 1 - π (1-µi(x))] γ , x ∈  X,   0 ≤ γ ≤ 1 
                             i=1                             i=1 
 
Obviously, the gamma operator is a combination of intersection and union 
operation expressed by the algebraic product and the algebraic sum modeling 
the logical and and logical or respectively.  By varying the value of γ from 0 to 
1, the membership value µA(x), ranges from the value that would be obtained by 
the  product operator (γ=0) and the value that would be obtained by the algebraic 
sum operation (γ =1). By considering the product operator and algebraic sum to 
be  two extremal operators representing noncompensatory and and full 
compensatory or, respectively, then the parameter in the interval of [0,1] can be 
interpreted as a grade of compensation,  which is clearly located between the 
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logical and and logical or.  This aggregation operator provides a good empirical 
fit and, at the same time, it also satisfies basic mathematical requirements for 
dual logic. The basic properties for  the appropriate aggregation operator, such 
as continuity, monotonocity, and commutativity also can be met.  Moreover,  
except at zero and one, it is pointwise injective and satisfies DeMorgan laws 
[Zimmermann, 1996].  
 
In the case of unequal degree of importance for each criterion, the aggregation 
can be carried out by considering each weight associated with  each criterion.  
The compensatory aggregation operator then can be formulated as follows: 
         m                                              m 
µAi, comp(x) =  [ π (µi(x))wi] (1-γ) [1 - π (1-µi(x)) wi] γ , x ∈  X,   0 ≤ γ ≤ 1 and       
     i=1                               i=1 
Σwi  = n. 
 
 
The weights wi can be determined by direct estimation or by using the relative 
preference method and then followed by normalization of the  results to satisfy 
the condition of  Σwi  = n. 
 
The determination of the degree of compensation is also difficult, due to the 
subjectivity of the decision maker  and context dependence.  Commonly, 
decision makers determine the degree of  compensation  intuitively  from  the  
context  and  there  is no  direct  method of extraction.  However, it  is still 
possible to derive the approximation of the degree of  compensation at each 
level of decision hierarchy  empirically,  as follows [Zimmermann and Zysno, 
1980, p. 48], [Rommelfanger and Unterharnscheid, 1988, p. 481]: 
 
 
 115
log µik – log π µij wi  
                               j ∈k
 
 
 
γik = 
log (1- π (1 - µij)wi ) - log π µij wi  
                 j ∈k                                       j ∈k
 
 
In addition to the gamma operator, Zimmermann and Zysno also suggested other 
aggregation operators, such  as a linear convex combination of non-
compensatory operators modelling the logical and and logical or, which is 
defined as follows:  
 
The logical and  is to be represented by: 
µ1 (µA(x), µB(x)) =  γ . min[µA(x), µB(x)] + (1-γ ) max [µA(x), µB(x)],   
 γ ∈  [0,1]   
 
The logical or operation is obtained  by combining the algebraic product and 
algebraic sum: 
µ2 (µA(x), µB(x)) = γ.µA(x). µB(x) + (1-γ ) . [µA(x) + µB(x) - µA(x). µB(x)],  
γ ∈  [0,1]   
 
Both operators are also in accordance  with  the dual logic truth tables, but the 
empirical tests showed that  the gamma operator (compensatory and)  was more 
adequate in  representing  human behavior in decision making [Zimmermann 
and Zysno, 1980, p. 50].  
 
It should be noted however, that the γ-operator  also suffers from limitations. 
First, an equal degree of compensation is assigned to all criteria, which  may  
not represent the real life decision situation.  Moreover, the product operation 
results in  the aggregated criteria having a degree of membership value of  0 
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(µB(x)= 0), if some basic criteria have a membership value of 0 (µi(x)= 0) for 
any  degree of compensation (γ ≠1).  It is clear  that the γ-operator provides no 
compensation  if any of the criteria have a zero membership value [Despic and 
Simonovic, 2000, p. 16]. 
Another family of averaging operators for membership aggregation is that of the 
ordered weighted averaging (OWA) aggregation operators introduced by Yager 
[Yager 1988, pp. 183-190]. It combines membership values µBi(x) with the 
resulting membership value µA(x) by a simple formula: 
 
µA(x) = w1a1 + w2a2  + … + w1a1  = Σwiai  
 
where ai is the ith largest element in the collection µB1(x), µB2(x), …,  µBn(x) and  
the parameter wi  is the weighting factor which has to satisfy the condition of   
wi ∈ [0,1] and  Σwi= 1.  
 
It is very obvious that  the lower and upper bound of the  OWA operator are 
represented by min and max operators respectively, thus implying that the OWA 
operator may represent  logical connectives of and and or.  In addition, he 
introduced  the degree of “orness” with respect to each weighted vector W that 
can be interpreted as the degree of compensation as  γ in the  gamma operator.  
The degree of orness can be calculated as follows: 
 
orness(W)=  1/(n-1) * Σ(n-1)wi 
 
The degree of orness  becomes an increasingly important parameter, particularly 
when the process of aggregation involves  criteria of unequal importance.   
Differently from the gamma operator,  the same degree of orness may 
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correspond to many different OWA operators (i.e., different weighting vectors 
W), while each degree of compensation in the gamma operator corresponds to 
strictly one operator. This comes from the fact that only one parameter is 
included in the formulation of the gamma –operator, regardless of the number of 
criteria to be aggregated.  Conversely,  the OWA operator is clearly defined by 
n-1 independent parameters, with n referring to  the number of criteria. 
 
4.5 Aggregation Operations 
 
Aggregation operations  on fuzzy sets are operations by which several fuzzy sets 
are combined in a desirable way to produce a single fuzzy set [Klir and Yuan, 
1995, p. 88]. An aggregation operation on n fuzzy sets where n ≥ 2 is formally 
defined by a function f: {0, 1}n ? {0,1}.  Applied  to fuzzy sets A1, …, An, 
defined on X, the aggregation function f produces an aggregate fuzzy set A by 
operating on the membership grades of these sets.  
 
A(x) = f(A1(x), A1(x), .., A1(x)),  for x  ∈  X 
 
A qualified, meaningful aggregation  function f must satisfy at least   the 
following three axiomatic requirements [Klir and Yuan, 1995, pp. 88 – 89]: 
 
Axiom f1: Boundary condition 
f(0,0,…,0) = 0 and f(1,1,..,1) = 1  
 
Axiom f2:  Monotonicity 
For  any pair (a1, a2, …, an)  and    (b1, b2, …, bn) of n-tuples such 
that  a1, b1  ∈ [0,1] for all i ∈  Nn, if ai ≤ bi, for  all i ∈  Nn,  then: 
 118
f(a1, a2, …, an) ≤   f(b1, b2, …, bn), that is  f is monotonic  increasing 
in all arguments. 
 
Axiom f3: Continuity 
f  is a continuous  function. 
 
However, the aggregating operators are expected  to satisfy two additional 
axiomatic  requirements. 
 
Axiom f4:  Symmetry 
f is a symmetric function in all arguments, that is ;  
f(a1, a2, …, an) =   f(bp(1), bp(2), …, bp(n)) for any permutations p on 
Nn.  
 
This axiom  reflects  the assumption that the aggregated fuzzy sets are equally  
important.  For unequal importance of fuzzy sets to be aggregated,   this axiom 
must be automatically dropped. 
 
Axiom f5:  Idempotent  
f(a, a, …, a) = a 
This  axiom  expresses the  intuition that any aggregation of equal fuzzy sets  
should result in the same fuzzy sets. 
 
According to the above requirements,  the fuzzy intersection and fuzzy union  
qualify as  aggregation operators  of fuzzy sets.  However, these operators are 
not idempotent with the exception of the standard min and max operations. The 
property of associativity provides a mechanism  for  extending its definition  to 
any number of  arguments.   
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Aggregation operations  become one of the focuses in fuzzy decision making, 
comprising a lot of aggregation operators, both general and specific, single-level 
and hierarchical, ranging  from the most pessimistic through the the most  totally 
optimistic ends of the scale.  These varieties stem from the difference in aims, 
strategies and hypothesis with respect to the type of opinions, interrelations and 
relevance [Kuncheva and Krishnapuram,  1996, p. 347]. Concerning  the 
aggregation results, there are two extreme possible results.   One of them is the 
case  in which the satisfaction of all the criteria is desired that can  be performed 
by  and operator to aggregate all criteria.  The other extreme is  the situation in 
which the satisfaction of any criteria is  desired that leads to the use of or 
operator in the aggregation process.  It is clear that  any aggregation operation f 
that satisfies axiom f2  and f5 satisfies also the inequalities: 
 
min(a1, a2, …, an) ≤ f(a1, a2, …, an) ≤   max(a1, a2, …, an) 
 
All the aggregation operations f that satisfy the above inequalities are known as 
averaging operations [Klir and Yuan, 1995, p. 89]. 
 
Dubois and Prade [Dubois and Prade, 1985, pp. 85-121] provide an extensive 
survey on fuzzy set-theoretic operations, mainly concentrating on the properties 
of these aggregation operations including enabling a better choice of an 
aggregation connective in any specific problem domain. Yager [Yager, 1991, 
pp. 39-97]  discusses some of the issues involved in the selection of appropriate 
operators mainly for implementing the union and intersection of fuzzy subsets, 
based on the properties satisfied by these operators. The discussion about 
various classes of fuzzy aggregation operators like t-norms and t-conorms  can 
be found in some other literature [Yager, 1991, pp. 39-75],   [Zimmermann, 
1987, 1996].  
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In general, the nature of aggregation of two variables [Petrou and Sasikala, 
1999, p. 198], x and y, could be summarized as  follows:  
 
a. Aggregation is conjunctive if f(x; y) ≤ min(x; y), states that a conjunctive 
operator has confidence at most as high as the smallest membership value and 
looks for the simultaneous satisfaction of all criteria that are being combined.  
This kind of aggregation is identical with standard intersection operations and, 
thus, t-norm operators are conjunctive. 
b. Aggregation is disjunctive if f(x; y) ≥ max(x; y) which states that a disjunctive 
operator has confidence at least as small as the greatest membership value and 
looks for a redundancy between the criteria that are being combined. The 
union operators (t-conorm) are attributed to this disjunctive property. 
c. Aggregation is a compromise if min(x; y) ≤ f(x; y) ≤ max(x; y), which is  
cautious behavior. The averaging operators that look for degree of satisfaction 
between maximal and minimal, are compromise aggregation operators.  
 
The nature of the inputs and the type of operators used in the aggregation 
operation will generally determine the result of aggregation. Intersection 
operation produces a high degree of satisfaction only when all of the inputs 
representing the degree of satisfaction have high values. Union operation 
produces a high output whenever any one of the input values representing 
degrees of satisfaction of different features or criteria is high. Compensatory 
connectives have the property that a higher degree of satisfaction of one of the 
criteria can compensate for a lower degree of satisfaction of another criteria to a 
certain extent. The degree of compensation is mainly dependent on the 
preference of the decision-maker.  
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4.6 The Selection of Appropriate Aggregation Operators 
 
The aggregation process is one of the most important stages in  decision making 
involving multiple criteria in which all relevant criteria will be assessed 
according to their degree of importance. The choice of the appropriate 
aggregation operator is, therefore,  highly  crucial in  decision making involving 
multiple criteria, particularly when it is also intended to mimic human decision 
making aimed at bringing  the information contained in different criteria into 
one aggregated criterion  representing the entire information [Beliakov and 
Warren, 2001, pp. 773-774], [Dubois, Didier and Prade, 1984, p. 233].  
However, it is very difficult to arrive at the appropriate aggregation operator 
because of the existence of inherent uncertainty and subjectivity when choosing 
one.  From this point of view,  the  selection  of the appropriate operator for 
fuzzy aggregation becomes a considerable issue in fuzzy decision making, 
because it plays a very important role in facilitating an overall judgment in the 
decision making procedure [Guo, Tanaka and Inuiguchi, 2000, p. 573].  
 
As earlier explained, the process of aggregation can be carried out with the help 
of  suitable aggregation operators, which can take  many forms, depending on 
the decision situation and the preferences of the decision maker. In general, the 
aggregation from different independent criteria is represented by a kind of 
generalized weighted sum, where weight factors of attributes are directly 
predetermined by decision-makers or obtained from pairwise comparison. The 
aggregation process will become more complex as the number of criteria to be 
considered increases. The consideration of  criteria’s importance in  the 
aggregation process will imply that the changes in criteria weight may lead to 
different aggregation results. In the presence of qualitative weight, triangular 
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fuzzy numbers are generally used to compute the importance of decision criteria 
[Triantaphyllo and Lin, 1996, 14, p. 282].  
 
Concerning  the properties of  aggregation operators, Schwab [Schwab, 1983, p. 
53ff.] carried out the analysis of eight different aggregation operators 
comprising  max, min, algebraic mean, algebraic sum, bounded sum, arithmetic 
mean, arithmetic sum and the Hamacher  operator.  He found that there was no 
operator that satisfied all  the required properties, but at least there was the  
similarity that all operators satisfied the properties of  monotonicity, continuity 
and commutativity [Schwab, 1983, p. 53]. According to Yager, [Yager, 1988, p. 
185]  there are only two fundamental properties that should be satisfied by any  
useful aggregation operator, namely  monotonic and commutative properties. In 
other  works, [Klir and Yuan, 1995, pp. 88-89] conclude that an aggregation 
operator is intuitively meaningful if it satisfies the following three axiomatic 
requirements, i.e. bounded in [0,1], monotonically increasing in all its arguments  
and continuous function.   According to these requirements, it is obvious that  
the fuzzy intersection and fuzzy union qualify as  aggregation operations on 
fuzzy sets.  
 
In a particular decision situation,  it is difficult to decide which aggregation 
operator is to be  used by combining  some basic criteria to form an aggregated 
indicator. The context dependency involves not only the meaning of linguistic 
terms, but also meanings of  operation on linguistic terms.  Therefore, in each 
particular application, the most appropriate operation of fuzzy sets best 
represents the intended operation in the corresponding linguistic terms should be 
determined.  Unfortunately, out of  the existing aggregation operators, there is 
no general type of connective  that can be considered  the best in carrying out 
the aggregation process, because it depends more on  the decision situation and 
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the behavior of the decision makers. Some empirical research has concluded that 
different operators are needed to build an adequate model  for the different 
phenomena.   The most important condition is that the aggregation operator is 
able to produce  reasonable and  acceptable results in which  the descriptive and 
normative considerations are properly balanced. 
 
To study the efficiency of  different aggregators in  a complex situation, 
[Zimmermann and Zysno, 1980, pp. 37-51] conducted  empirical research on the 
evaluation of creditworthiness by structuring the decision as a hierarchy of 
criteria. They concluded that the  γ-operator is the  best to be used  in the 
aggregation process describing human behavior in assessing  the credit 
feasibility  of private households. However, in similar work carried out by 
Rommelfanger  and Unterharnscheid [Rommelfanger and Unterharnscheid, 
1987, pp. 361-369]  the conclusion was reached that   the  simple arithmetic 
average and ε-operator were  the most suitable to model the aggregation process.  
 
Regarding  the fuzzy aggregation operators, until recently there were still a 
limited number of publications that were devoted to these issues, mainly  in 
facilitating a good choice of an aggregation connective in any specific problem 
domain. Dubois and Prade [Dubois and Prade, 1985, pp. 85-121] carried out an 
extensive survey on fuzzy set-theoretic operations, mainly concentrating on the 
properties of these aggregation operators. Yager ([Yager, 1991, pp. 39–75] 
discussed some of the issues involved in the selection of appropriate operators 
mainly for implementing the union and intersection of fuzzy subsets, based on 
the properties satisfied by these operators. Concerning this issue, Zimmermann 
[Zimmermann, 1987, pp. 196-198;  and 1996, pp. 41-43] provided a general 
guideline consisting of  eight important criteria for selecting appropriate 
operators for fuzzy multi- criteria decision making. The following 
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considerations should be taken into account in choosing the appropriate fuzzy 
aggregation operator.  
 
Empirical fit:   
The aggregation operators must be appropriate in modeling  the real system 
behavior, satisfying  certain axioms and formal qualities. The empirical fit for an 
aggregation operator cannot be  determined a-priori, but should be proven 
generally by ex post empirical testing. The extreme  operators, for example, the 
drastic product operator or bounded difference operator, resulting in all the best 
or not at all, are not realistic in representing   human behavior in dealing with 
the process of choices involving conflicting goals, such as in the identification 
of the  key sectors of an economy or buying a car.  The gamma operator  on the  
other hand, has been empirically proven better in representing   human 
perception and behavior in decision making. 
 
Axiomatic strength: 
The aggregation operator should satisfy certain axioms, which are very 
important from a mathematical point of view and will be better  if it satisfies  
more of the required axioms. A meaningful and useful operator must satisfy  the 
minimum formal property requirements comprising  associativity, monotonicity, 
continuity and commutativity [Schwab, 1983, p. 53].  Most of the above 
described aggregation operators satisfy these minimum requirements, but   there 
is no aggregation operator satisfying all of the required axioms, as concluded by 
Schwab [Schwab, 1983, pp. 54-59].  
 
Adaptability:  
In  human decision making involving fuzzy information, the suitable 
aggregation is likely to be subjective and context-dependent. Therefore, the type 
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of  appropriate aggregation used is more likely to be dependent on the situation 
in which the decision is  to be made and the behavior of the decision-maker. The 
introduction of parameters is very useful in helping to choose    the suitable 
aggregation operator used in modeling the decision situation have to be 
adaptable to the specific context.  The min and max operator  cannot be adapted 
at all, but  some averaging operators, such as the Yager-operator, the Hamacher 
operator and the gamma operator are adaptable to a certain context through 
parameterization.   In principle, the chosen aggregation operator is that  with a  
higher adaptability to the decision situation.  
 
Numerical efficiency:  
The process of aggregation operation requires a different level of calculation. 
Certain aggregation operators, such as min or max operators, need only a 
minimal numerical calculation. Other aggregation operators belonging to the 
family of averaging operators require more complex and even cumbersome 
calculations.  The numerical efficiency becomes highly crucial for 
consideration,  in particular when the aggregation operation is directed towards 
solving  a  problem involving a large number of data. 
 
Compensation:  
The most favorable situation in decision making is that all decision criteria 
display superior characteristics simultaneously, and  can, thus,  produce 
solutions that satisfy all the intended goals. Unfortunately, in most real decision 
situations, this ideal situation is unlikely to occur, due to the fact that an 
alternative may satisfy certain criteria but has an  inferior performance in other 
criteria. Confronted with this reality, the decision-maker has  to consider  trade-
off between goals or criteria by allowing compensation. Thus, compensation 
becomes the necessary condition for the existence of trade-off, in which  an 
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inferior performance with respect to one attribute can be offset by a favorable 
performance with respect to one or more other attributes [Mandic and Mamdani, 
in: Zimmermann, 1984, p. 290].  In the real-life decision situation, the 
compensation between attributes is very important in delivering the most  
compromising aggregation result. In general, if some of the criteria are 
dependent, a compensatory aggregation operator  allowing a certain degree of 
compensation is more suitable for selection [Mandic, and Mamdani, in: 
Zimmermann 1984, p. 289]. 
 
Range of compensation: 
By considering the trade-off  between criteria, the aggregation result will lie 
between the minimum and the maximum degree of membership of the 
aggregated sets. The aggregation operator, such as  logical and does not allow 
for compensation at all, other operators, such  as the averaging aggregation 
operator, allow some degree of  compensation, and the logical or allows a full 
compensation. On the other hand, parameterized operators, such as the  gamma 
operator, the convex combination of min- and max-operators and Hamacher's 
max provide the flexibility to the decision maker for specifying  how strongly 
the degree of compensation should be given, but still in the range of an entire 
open interval of [0, 1]. Generally, the larger the range of compensation, the 
better the aggregation operator is.  
 
Aggregating behavior:   
Considering normal or subnormal fuzzy sets, the degree of membership in the 
aggregated set depends very frequently on the number of sets combined.  When  
fuzzy sets are combined by the product operator, for instance, each additional 
fuzzy set added will normally decrease the resulting aggregate degrees of 
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membership. On the  other hand, aggregating fuzzy sets by the union operator 
will not decrease the resulting aggregate degrees of membership.  
 
Required scale level of membership function: 
The applicability of the operator is dependent on the scale level of the 
membership function.  Different operators may require different scale levels of 
membership information to be admissible. The scale level on which membership 
information can be obtained depends on a number of factors.  Frequently,   the 
nominal or ordinal scale  is used for  representing the human  judgement, thus 
making a   certain operator unsuitable for use. The min or max operator is 
admissible for ordinal information,  but this is not the case for the  product 
operator.  From the point of view of information gathering, the operator that 
requires the lowest scale level is the most preferable.  
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5  MULTI-CRITERIA DECISION MAKING 
 
5.1 An Overview of Multi-Criteria Decision Making Problems 
 
A decision making problem can  generally be described as the process of 
searching for or finding a course of action from a given set of feasible 
alternatives which maximizes or satisfies certain criteria associated with  the 
goals intended to be achieved [Zimmermann and Zysno, 1985, p. 148]. 
Accordingly, the processes involved in the multiple criteria decision making can 
be characterized  as making preferenced decisions through evaluation, 
prioritization or selection  of alternatives in the presence of multiple, usually 
conflicting criteria [Yoon and Hwang, 1995, p. 2].  They are  concerned mainly 
with the question as to which alternative or course of action should be 
undertaken under a specific situation by considering many aspects, including the 
degree of importance of  each criterion.  There are many variations of multi-
criteria decision making problems, but generally these  can be classified into two 
broad categories, namely Multi-Objective Decision Making (MODM) and 
Multi-Attribute Decision Making (MADM) [Hwang and Yoon, 1981, p. 3];  
[Zimmerman  and Gutsche,  1991,  p. 25].  
 
The main difference between the two approaches is that MODM concentrates on 
continuous decision space aimed at the realization of the best solution, in which 
several objective functions are to be achieved simultaneously. The decision 
processes involve searching for the best solution, given a set a conflicting 
objectives, and thus  a MODM problem is associated with the  problem of 
design for optimal solutions through mathematical programming.  In finding the 
best feasible solution, various interactions within the design constraints that best 
satisfy the goals must be considered by way of attaining some acceptable levels 
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of sets of some quantifiable objectives. A MODM problem is generally also 
characterized by the set of alternatives  not being explicitly expressed, but 
implicitly defined  through the system of constraints.  
 
Conversely,  MADM refers to making decisions in the discrete decision spaces 
and focuses on how to select or to rank different predetermined alternatives.  
Accordingly, a MADM problem can be associated with a  problem of choice or 
ranking of the existing alternatives [Zimmermann, 1985, p. 233];  [Tabucanon,  
1988, p. 5]. A MADM problem is also characterized by the explicit description 
of  the set of alternatives and the criteria involved in the evaluation process, but 
the intended objectives  may be ill defined.  Table 5-1 summarizes the common 
characteristics of MADM and MODM problems. 
 
Table 5-1: The main features of MADM and MODM Problems 
Characteristic MADM Problem MODM Problem 
Criteria (defined by) Attributes Objectives 
Objective Implicit (ill-defined) Explicit 
Attribute Explicit Implicit 
Constraint Inactive (incorporate into 
attributes) 
Active 
Alternative Finite number, discrete, 
and predetermined 
Infinite number, 
continuous  
Interaction with DM Not much Mostly 
Application Selection / evaluation Design 
    Source: Hwang and Yoon, 1981, p.4. 
 
In addition to this common differentiation, [Zimmermann and  Gutsche, 1991, 
pp. 26-27] suggest an additional type of multi-criteria decision making by 
further differentiating the classical MADM method from the decision technique 
method. This is  known as a multi-criteria decision aid.  The main objective of a  
multi criteria decision aid is to provide a kind  of  decision support to decision 
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makers in  solving a complex multi-criteria decision  making problem. In a 
systematic, consistent and productive way, a multi-criteria decision aid will 
enhance the degree of conformity and coherence in decision processes. The 
application of a multi-criteria decision aid will enable the  integration of 
subjective evaluation, and fuzzy, imprecise or even conflicting  information in 
the decision making process.  In general, this decision aid comprises  the 
outranking methods, such as ELECTRE, PROMETHEE and fuzzy decision 
making [Zimmermann and  Gutsche, 1991, p. 202].  
 
In the following sections, the discussion of the  MODM problems will not  be 
carried out further, but   will  focus more on the area of multi-attribute decision 
making, including the consideration of  some important issues related to the 
problem.    
 
5.2 General Characteristics of MADM Problems  
 
Much  decision making in the real world takes place in a situation which 
involves multiple criteria.  For example, in searching for a job, one may consider 
the following multiple  attributes:  salary, fringe benefits, location, prestige, 
working conditions, flexibility, and career opportunities. On the other side, a 
company may need to consider the level of education  of the applicants, 
academic performance, working experiences, ability for teamwork and the level 
of the demanded salary as  criteria for selecting a new employee.  The problem 
of MADM may differ from one case to another, but it  generally can be 
characterized by the following features [Zimmermann, 1987, p. 238],  [Chen and 
Hwang, 1992, p. 17]:  
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Alternatives:   
There is a finite set of decision alternatives representing the different choices or 
possible courses of action available to the decision maker, which may vary from 
several to thousands.  The set of alternatives is generally  described as Ai  = {A1, 
A2,...., Am},   i = 1,2,3, ...m,   from  which a decision maker  has to choose, 
screen, prioritize or rank. The term alternative is commonly used synonymously  
with option, candidate or action. The alternatives to be evaluated are 
characterized by the level of achievement  of the individual  performance 
criterion associated with  the goals or criteria to be realized.  
 
Multiple attributes  and the presence of conflicts among them: 
Commonly, each alternative is characterized by multiple attributes used for 
representing the performance of criteria  and for judging the alternatives, defined  
by a set of characteristics, goals or criteria  by which an alternative’s 
performances are measured. These objectives, criteria or attributes are usually 
assumed to be independent  and are generally described as Cj  = {C1, C2,....Cn}, j 
= 1,2,3, ...,n. For the purpose of selection or ranking of the available alternatives, 
the decision maker must carry out an evaluation of the relevant attributes 
associated with the  alternatives. In a real-life decision situation, a complex 
decision problem involves a great number of attributes which may be 
hierarchical in nature and in  conflict among themselves. Apparently, the 
presence of  more than one criterion becomes the  necessary condition for a  
MADM problem   and the criteria must  be sufficiently conflicting in nature 
owing to intrapersonal and interpersonal reasons.  Criteria are said to be in 
conflict if the full satisfaction of  one will result in impairing the full satisfaction 
of the others, but by  nature they may not necessarily be strictly conflicting.  In 
particular, in order  to deal with the complex problem, the attributes can be 
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broken down  into sub-attributes in a hierarchical structure representing the real 
decision problem.  
 
Decision matrix: 
In the context of multiple attribute decision making, if Ai = {A1, A2 ,   ...Am},  
for i =  1,2,3, ...m, represents different available  decision alternatives and Cj = 
{C1, C2 ,   ...Cn} for j = 1,2,3, ...n associates with  the set of criteria, then the 
MADM problem can be  concisely expressed as a decision matrix.  The columns 
indicate the attributes to be considered and the rows refer to the predetermined 
alternatives. Accordingly,  the performance rating of alternative Ai with respect 
to criterion Cj, reflects implicit intra-attribute preferences, as given by the rating 
of  Aij = {A11, A12 ,   ...Amn}. The whole rating of a MADM problem is 
commonly represented in the format of an m x n decision matrix A, in which 
element aij indicates  the performance of alternative Ai  with respect to  the 
decision criterion  Cj. It should be noted, however, that different criteria used to 
characterize the performance of an alternative may be associated  with different 
units of measurement, expressed quantitatively or qualitatively, and this 
situation makes the problem intrinsically harder to solve. 
 
Incommensurable units: 
Each criterion used to characterize an alternative may own its unit of  
measurement. In the case of job seeking, the level of salary, fringe benefits, 
location, prestige, working conditions, flexibility and career opportunities are 
impossible to describe  in a unique unit of measurement.  Some attributes, such 
as monetary units, distance, height, speed, area, etc., may be measured 
quantitatively, but they certainly have a different unit of measurement.  On the 
other hand, the criteria such as prestige, working conditions and flexibility may 
only be suitable for  measuring  qualitatively.  Different units of measurement 
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involved in the decision process make the problem complicated, in particular 
regarding how to make  a plausible judgment in a decision situation involving 
both quantitative and qualitative measures. In many cases, the quantification of 
qualitative measures becomes one option to be carried out [Yoon and Ching-Lai 
Hwang, 1995, p. 15],  followed by the normalization of  attribute ratings to 
eliminate computational problems caused by  differing measurement units. 
 
Weight/ importance: 
In the process of decision making, it may be necessary  to consider the 
preferences of the decision maker in terms of  the level or degree of importance 
indicating the priority and relative weight of the respective criteria or objectives 
in determining the judgment on the  alternatives. The consideration of these 
preferences in the decision making process is generally accomplished by 
assigning weights of importance, wj, to each respective criterion or attribute. The 
weights that have to be used in conjunction with attributes to express inter-
attribute preferences [Mandic and Mamdani, 1984, p. 289] may be obtained 
directly from the decision maker or may  be developed by applying the 
appropriate methods. Moreover, the information about weight or degree of 
importance may be expressed implicitly or explicitly at the alternative as well as 
the criteria level. An unweighted criterion implies that different criteria have or 
are subjected to an equal weight.  
 
5.3 Attribute Weighting and Normalization of Attribute Ratings 
 
5.3.1 Attribute Weighting 
 
The real decision situation is generally characterized by the fact that not all 
attributes are likely to be considered to be equally important.  From this point of 
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view, the assignment of weights plays a key role in the decision making process, 
in which  the weights will serve to express the importance of each criterion in 
relation  to the others and thus reflect the purpose of the evaluation. The weights 
themselves contain  useful information about the importance of certain attributes 
and thus indicate the concern of the decision maker about the criterion 
importance relative to others.   
 
Many MADM methods require weight information obtained from the decision 
maker who may use either an ordinal or a cardinal scale to express the 
preference among attributes.  From the point of view of the decision maker, it is 
easier to assign weights to an ordinal scale, but unfortunately,  most MADM 
methods require cardinal weights, mainly to meet the  computation 
requirements. In general, attribute weights are denoted by wj = (w1, w1,  . . ., wm) 
where wj is the weight assigned to the jth attribute, which  can be further 
normalized to result in  the sum of 1, mathematically described as ∑ wj  =1.   
 
5.3.1.1 Weights from Ranks 
 
The simplest way of assessing weights is to arrange the attributes in a simple 
rank order, listing the most important attribute first and the least important 
attribute last. If two or more attributes  are assigned the same ranking, the mean 
ranking should be used.   If  1 associates with  the most important attribute, and 
m with  the least important, the cardinal weights can be obtained from one of the 
following formulas:  
 
 1/rj   
wj = m 
∑1/rk 
k=1  
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where rj is the rank of the jth attribute.  The weights obtained by this equation are 
known as rank reciprocal weights. 
 
Another way to assess weight from the ranking is by computing the  rank sum 
weight as described by the following formula: 
 
 (m- rj + 1)  
wj = m 
∑(m- rj + 1) 
k=1  
 
 
5.3.1.2 Eigenvector Method 
 
Sometimes, the decision maker  is not in a situation to carry out the  comparison 
of all  the attributes simultaneously. In assigning ranking for m attributes at the 
same time, the decision maker will face a heavy cognitive burden, in particular 
when the number of criteria to be assessed exceeds his capability to process. To 
deal with this issue, a method by which a complete ranking can be obtained 
from a set of pairwise comparisons is preferred. Saaty [Saaty, 1977,  pp. 234-28] 
first suggested this approach by introducing a method of  scaling ratio using the 
principle of the eigenvector  obtained from a positive pairwise comparison 
matrix. This method requires the decision maker to make pairwise judgments 
between attributes.  For a decision situation involving m attributes,   a total of 
m(m - 1)/2 pairwise comparisons must be made.   The result of  pairwise 
comparison of the preferences of the decision maker with respect to all the 
attributes can be described in a reciprocal matrix form. For example, in 
comparing  three different attributes, the following reciprocal matrix can be 
obtained:     
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 w1/w1   w1/w2   w1/w3           
                   
A  =  w2/w1   w2/w2   w2/w3   
 
 w3/w1   w3/w2   w3/w3    
 
 
The upper triangle cells in the above reciprocal matrix denote the  pairwise 
judgments of three attributes and the lower triangle cells can be mechanically 
filled by the inverse relationship.    The reciprocal matrix  has the following 
properties:  
 
aij =   1/aji   and   aij =   aik/ajk   
 
After  the construction of a pairwise comparison matrix, the next step is to 
assess the weight for each element of the matrix.  If A denotes the reciprocal 
matrix of pairwise comparison and w denotes the associated weight, then  the 
following equation should be satisfied: 
 
A •w =   λmax •w 
 
Where λmax  is the  largest eigenvalue of A.   To obtain the largest eigenvalue of 
A, the determinant of (A- λI) should be set equal to 0.  The weight of each 
attribute  can then be obtained  by solving  the system of linear equation A •w =   
λmax •w.  
 
To aid   the decision maker's   assessing of the pairwise comparison  between 
two attributes, Saaty  introduced a nine-point intensity  scale of importance  as 
described in Table 5-2. In addition, he also suggested an approximation  method  
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that provides sufficiently  close results  in   most situations by  calculating the 
geometric mean of a row, followed by a normalization of the result. 
 
Table 5-2:  The scale of importance between two attributes  
 
Intensity of 
importance 
Definition Explanation 
1 Equal importance Two criteria contribute  equally to the 
objective 
3 Weak importance of 
one over another 
Experience and judgment slightly 
favor one criterion  over another 
5 Essential or strong 
importance 
Experience and judgment strongly 
favor one criterion  over another 
7 Demonstrated 
importance 
A criterion is strongly favored and its 
dominance is demonstrated  in 
practice 
9 Absolute importance The evidence favoring one criterion 
over another is of the highest possible 
order of affirmation 
2,4,6,8 Intermediate values 
between the two 
adjacent judgment 
When compromise is needed 
Reciprocals 
of above non-
zero 
If activity i has one of 
the above non-zero 
number assigned to it 
when compared to j, 
then j has the reciprocal 
value when compared 
with i 
A reasonable assumption 
Rationals Ratio arising from  the 
scale 
If consistency were to be forced by 
obtaining n numerical values to span 
the matrix 
  Source: Saaty,  1980, p. 54. 
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5.3.2 Normalization of Attribute Ratings  
 
As mentioned earlier, most of the  MADM problems are characterized by the 
existence of an incommensurable unit of measurement with respect to each 
criterion, and thus it is becoming impossible to carry out a direct comparison of 
the global performance for all the available alternatives.  The fact that some of 
the attributes cannot be measured quantitatively, but that it is only possible to  
express them qualitatively, sometimes complicates this situation. To deal with 
this kind of problem, the quantification of qualitative measurements followed by  
the normalization of  the attribute ratings  may need to be accomplished.  The 
normalization process is mainly  intended to reduce the computational problems 
[Yoon and Hwang, 1995, p. 15] caused by  the differing measurement units 
aimed at obtaining comparable scales that allow inter-attribute as well as intra-
attribute comparisons. Although it is not always necessary to carry out 
normalization,  for some MADM methods such as Maximin strategy, simple 
weighted additive and ELECTRE it may be essential for  reducing the 
computational problems [Zimmermann and Gutsche, 1991, p. 38]. 
 
The normalization process will result in dimensionless normalized ratings that 
enable a direct comparison between the different criteria, in which the larger 
rating generally indicates the higher preference of the respective alternative.  
The normalization process can be accomplished through different methods, 
according to the type of attributes. The attributes involved in the decision 
process  can be classified into three groups  comprising  benefit attributes, cost 
attributes and  non-monotonic attributes.  
 
Benefit attributes are characterized by an increasing monotonic utility, in which 
the higher the attribute’s value, the greater its preference. The rate of economic 
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growth, value of export, number of new jobs created and operating profits are  
common  examples of  the benefit attribute.  On the other hand, the cost attribute 
refers to a decreasing monotonic utility, and thus the greater the attribute value, 
the lower  its preference.  The rate of inflation, the value of import, production 
cost and  the time required to finish a job are  common examples associated with 
cost attributes.  The third type of attributes are known as non- monotonic 
attributes, and characterized by a non-monotonic utility. The optimal room 
temperature in an office,  the preferred humidity in the air, the exchange rate of 
a  foreign currency are examples of non-monotonic attributes. It should  be 
noted that the basic condition before the normalization process can be carried 
out is that all the criteria performances have a non-negative value,  xij > 0 for i= 
1, 2, 3, .. m. In general, the normalization of the attributes can be differentiated 
into vector normalization and linear normalization. 
 
5.3.2.1 Vector Normalization 
 
Vector normalization is accomplished through the  division of the rating for  
each attribute by its Euclidean norm to produce normalized rating  R for  all 
alternatives Ai, i=1, 2,..n  and all criteria Cj, j= 1, 2, …, m.   The process of 
normalization can be  described as follows:  
 
rij =  xij  / √ Σxij2 ,    for i: 1, 2 ..n,  and j: 1,2, ..m     
 
where rij refers to the normalized rating and  xij indicates the original rating. 
 
Clearly, vector  normalization will result in  all column vectors having  the same 
unit length in terms of Euclidean distance, such that:  
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√ Σx  = 1 ij2 
 
Despite providing  an advantage in the form of a dimensionless unit value that 
facilitates the comparison between  criteria, it  is still difficult for  a 
straightforward comparison to be carried out,  due to the non-linear scale 
transformation [Hwang and Yoon,  1981, p. 30].  Vector normalization certainly 
does not  lead to measurement scales of  an equal length, since it affected by the 
interval between the  two extreme values that may vary between attributes. 
Moreover, this kind of normalization does not consider the direction of the 
attributes to be normalized. It fails to differentiate between  the case of 
maximization or minimization, which in many cases is essential in assisting the 
decision maker to make  the  right judgment. 
 
5.3.2.2 Linear Normalization  
 
One of the advantages of linear normalization over vector normalization is that it 
regards the direction of the intended measurement.  For the case of 
maximization or benefit attributes, in which the higher value indicates more 
preference,  the normalization of the attribute ratings is accomplished through 
the division of the value of a certain attribute by its maximum value. The 
normalized value is then defined as: 
 
r =  x  / x *, for i: 1, 2 ..n,  and j: 1,2, ..m. ij ij j
 
Where x * =  max xij,  indicates the maximum value for the criterion under 
consideration.  
j
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Clearly, this normalization will transform all the attribute ratings  into the 
interval of [0,1] linearly, in which  the less favorable attribute, rij  approaches the 
value of 0 and  the more favorable attribute, the value of rij approaches 1.  One 
of the advantages of linear normalization is that the relative value between an 
alternative’s performance with respect to a certain criterion before and after the 
normalization is unchanged. 
 
Similarly, for the case that the attribute value is to be minimized, the 
normalization process can be carried out through the following operation: 
 
rij =  1 - xij / xj*,  for i: 1, 2 ..n,  and j: 1,2, ..m  
where xj* =  max xij,  for i: 1, 2 ..n. 
 
In the decision situation in which both benefit and cost attributes exist, this kind 
of linear normalization  cannot be applied simultaneously, due to its scales being 
bounded by different values. For the criteria to be maximized, the normalization 
result rij will take the value in the interval [xjmin/xjmax, 1] and [0, 1- xjmin/xjmax] for 
the case of the attributes to be minimized.  To deal with these two directions 
simultaneously, it is possible to transform cost attributes or attributes to be 
minimized as benefit attributes  or vice versa by taking their  inverse  rating. The 
inverted attributes then follow  exactly the same normalization process,  that 
result in the following equations.   For the case of cost attributes or 
minimization, the normalization can be carried out using the formula: 
 
rij =  (1/xij )/ (1/xjmax) = xjmin / xij 
 
Through the transformation, some of the drawbacks  mentioned earlier   can at 
least be resolved, but not the condition regarding  the non-negativity of the 
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attribute value and the bounded value of the normalization results. Considering 
the direction of  the attributes value to be normalized, the following 
normalization processes are generally  applied. 
 
For the benefit attributes that are to be maximized, the normalization process 
can be carried out as follows: 
xij - xjmin   
rij+ = xjmax - xjmin  
 
And for the criteria to be minimized or the cost attributes, the normalization 
process can be carried out through the following formula:  
 xjmax - xij   
rij- = xjmax - xjmin  
 
 
 
Independent of the direction of attribute value, these last two normalization 
techniques will guarantee that the normalized value in the interval of [0,1], in 
which the best attribute performance will take the value of 1 and the worst 
performance the value  of  0.   Moreover, the positive value of all the attributes 
is no longer a  prerequisite for the normalization process, and thus  applied for 
all real numbers. Unfortunately, this type of normalization has  also limitations, 
in that the original attributes value is not proportionally transformed  into its 
normalized value [Zimmermann and Gutsche, 1991, p. 40].  Non-monotonic 
attributes can be transformed into monotonic attributes by taking the statistical z 
score: exp(-z/2) where z =(xij – xj*)/σj), where xj* is the most favorable value 
and σj is the standard deviation of alternative ratings with respect to the jth 
attribute.  The comparable and dimensionless rating then can be obtained by 
applying both types of  normalization. 
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5.4  Description of Some MADM Methods 
 
Given  the rating of criteria aij and  its respective importance weight wj, the 
problem of MADM is  how to rank alternatives when all the decision criteria are 
to be considered simultaneously. In general, the intention  of solving the MADM 
problem is to obtain the best  of  the available alternatives -  those which give 
the highest  degree of satisfaction  with respect to all criteria or goals. In 
principle, once the aggregated scores are determined, the ranking order of 
alternatives can be automatically decided. A  number of methods exist for 
application  to MADM problems, in which each has its own characteristics, that 
can be further differentiated on the basis of the  type of data, the number of 
decision makers involved or the type and the salient feature of information 
[Trianthaphyllou,   2000, pp. 3-4]. Independent of the method being used,   the 
multi-criteria decision making  process usually involves a numerical analysis of 
the alternatives that can be classified into three main steps [Trianthaphyllou,   
2000, pp. 5-6].  These steps typically comprise  determination of  the relevant 
criteria, assignment of numerical measures to the alternative’s performance and 
relative importance of  the criteria, aggregation process and, finally, 
determination of ranking for each alternative on the basis of  numerical values 
obtained from the previous steps.  Regarding this issue, [Hwang and Yoon, 
1981] provided a taxonomy of the MADM methods suitable for application  
under certain conditions, as described in Figure 5-1. 
 
In the following sections, some  commonly and widely used MADM methods 
representing different evaluation principles will be briefly reviewed.  These 
evaluation principles consist of the selection of an alternative which has the 
largest utility value (simple additive weighted method, weighted product 
method), the arrangement of a set of overall preference rankings  which best  
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satisfy a  given  concordance measure (ELECTRE) and the selection of  an 
alternative which has the largest relative closeness to the ideal solution 
(TOPSIS). 
 
5.4.1 Simple Additive Weighted Method / Weighted Sum Method  
 
The Simple Additive Weighted Method, which also known as Weighted Sum 
Method [Hwang and Yoon, 1981, pp. 99 –103],   [Trianthaphyllou, 2000, pp. 6-
7] is probably the most commonly used MADM approach, particularly in 
dealing with a single dimensional problem. This approach is based on the 
hypothesis that in any decision problem, there exists a real utility function 
defined  by the set of  feasible actions, which the decision maker wishes to 
evaluate. The method is characterized by the additive utility assumption, 
referring to the total value of each alternative being equal to the sum of the 
products of the criteria ratings and their weight from the respective alternatives. 
To determine the best alternatives among discrete m alternatives, the evaluation 
of criteria embedded in each alternative can be carried out with the following 
formula: 
                           n 
AWSM  =  max Σ  aijwj  for   i= 1,2,3,…, m 
                 i      j=1 
 
Where AWSM  is  a utility function aggregating the n decision criteria,  aij  is the 
value or the performance of the ith alternative with respect to jth criterion and wj 
is the weight or importance of the jth criterion. The best alternative is then 
defined as that with the highest aggregated utility value. 
 
The simple additive weighted method considers all the attributes values of an 
alternative and uses the regular arithmetical operation of addition and 
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multiplication.  Moreover, it requires that  the attribute values and the 
corresponding weight must both be numerical and comparable.  The underlying 
assumption  of this method is that attributes are preferentially independent, 
meaning  that  the contribution of an individual  attribute to  the global score is 
independent of another attribute’s values. If  complementarities between various 
attributes exist, the application of the simple additive weighted method may 
produce a misleading  result. Other limitations to this approach are that it is not   
suitable for direct application to  multi-dimensional MADM problems involving 
different units of measurement. A normalization process  is, therefore, required 
to transform the different measurement units into a dimensionless scale, 
allowing direct addition among attributes performances. Concerning  the  
relative importance of criteria, it is presumed  that the weight for each criterion 
is proportional  to the relative value of unit change  in each attribute value 
function.  
 
5.4.2 Weighted Product Method  
 
For a multi-dimensional MADM problem involving different units of 
measurement, the Weighted Product Method is supposed to be more appropriate 
for application when  the attributes are connected by multiplication operation.  
Accordingly, the weights become exponents with respect to each attribute value, 
which takes a positive value in the case of maximization  and a negative value 
for minimization problems.  Formally, the aggregated evaluation value of an 
alternative Ai is given by: 
 
     n 
AWPM = Π (aij)wj   for   i= 1,2,3,…, m. 
               j=1 
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Obviously, due to the exponent property,  this method requires that all ratings  
be greater than 1.  As an alternative, the total value of a course of action can be 
calculated on the basis of the ratio of each criterion to  its  ideal value, which is 
the most desirable value of the criteria under consideration.  For  comparison 
purposes, the value ratio between an alternative  and the ideal alternative is 
given by the following formula:  
              n                n 
Ri(Aij/A*ij)  = Π aijwj  /  Π a*ijwj       for   i= 1,2,3,…, m. 
                        j=1             j=1 
 
where a*ij  refers to the ideal or most favorable  value for the jth  criterion. The 
interpretation of the result is similar to the WSM method. Obviously, Ri(Aij/A*ij)  
will take the value in the closed interval of [0, 1], in which the most preferable 
alternative will have the highest value of Ri(Aij/A*ij). One of the advantages of 
applying this method is its structure which eliminates any unit of measurement 
by  employing the relative value in terms of the ratio of the respective criteria  to 
the ideal value instead  of the actual value. 
 
5.4.3 AHP Method 
 
To deal with a complex, hierarchical MADM problem, Saaty [Saaty, 1980] 
proposed  a method for selecting the available alternatives by decomposing a 
complex MADM problem into a system of hierarchy. His method, well known 
as the analytic hierarchy process (AHP), structures the decision problem into 
levels corresponding to goals, criteria, sub-criteria and alternatives, making it 
possible  for the decision maker  to focus on a smaller set of decisions. 
Commonly, a hierarchy has at least  three levels, comprising   the global or 
overall goal of the problem at the top, multiple criteria that define alternatives in 
the middle and  the competing alternatives at the bottom.   For the abstract 
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criteria, such as the concept of comfort and security when comparing the 
performances of cars in the case of  buying a car, sub-criteria are  generated 
sequentially through a multilevel  hierarchy to provide the operationalization of 
the respective criteria.   
 
The main feature of AHP is its using the pairwise comparison to elicit the 
relative importance of the alternatives in terms of each criterion. It deals with the 
decision m x n matrix, which is constructed by using  the relative importance  of 
the alternatives with respect to each criterion.  The vector (ai1, ai2, …, ain) 
represents the principal eigenvector of an n x n reciprocal  matrix which is 
determined by pairwise  comparisons of the impact of the m alternatives on the 
ith criterion.  
 
The global value of  an alternative can be obtained  by aggregating the 
contribution of each  criterion  to the overall goal through the summation of the 
product of the criteria weight and the performance of the alternative  with 
respect to each criterion. The best alternative can be determined by comparing 
the aggregated value.  The calculation of the aggregated score for each 
alternative can be obtained from the following equation: 
         n 
AAHPScore  =  max Σ  aijwj  for   i= 1,2,3,…, m. 
                         i      j=1 
 
Where  aij represents the relative value of  alternative  Ai and wj denotes the 
respective weight when it is considered  in terms of criteria Cj. Moreover, it is 
necessary to normalize the alternative rating and the weight to result in Σaij = 1 
and Σwj = 1.  
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The strength  of the AHP approach lies in its ability to hierarchically structure  a 
complex, multi-attribute problem into a comprehensive structure representing 
the decision maker’s perception of the decision problem. The similarity between 
the Simple Additive Weighted and the AHP method is also obvious. It is 
essentially the formalization  of the intuitive understanding of a complex 
problem using a hierarchical structure, and therefore can be  attributed also to a  
hierarchical SAW method.   By using  the relative value instead of the actual 
value, the AHP approach is also applicable for  single, as well as multi-
dimensional, multi-criteria decision making problems. 
 
5.4.4 ELECTRE Method 
 
The basic concept   of the ELECTRE (Elimination and Choice Translating 
Reality) method is how to deal with outranking relation by using pairwise 
comparisons among alternatives under each  of the criteria separately.  The 
outranking relationship  of two alternatives, denoted as Ai→ Aj, describes  that 
even though two alternatives  i and j  do not dominate each  other 
mathematically, the decision maker accepts the risk of regarding Ai as almost  
surely better than Aj.  An alternative is dominated if there is another alternative 
that outranks it at least in one criterion and equals it in the remaining criteria. 
 
The ELECTRE method consists of  a pairwise comparison of alternatives based 
on the degree to which evaluation of the alternatives and preference weight 
confirms or contradicts the pairwise dominance  relationship between the 
alternatives. The decision maker may declare that s/he has a strong, weak, 
indifference or even  be unable to express his or her  preference  between two 
compared alternatives. To come to the final ranking of alternatives, the 
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ELECTRE method takes the following steps [Hwang and Yoon, 1981, pp. 115-
127],  [Trianthaphyllou, 2000, pp. 13-18]. 
 
a. Calculate the normalized decision matrix.  
The normalization process is to ensure the compatibility of the available data, 
and  thus facilitate the comparison between criteria without being affected by 
the measurement dimension.  In general, the normalization into a comparable 
scale may take the form of  vector normalization (Euclidean) or the linear scale 
transformation. The normalized value of rij is obtained by the  following 
process: 
 
Vector normalization: 
rij =  xij  / √ Σ(xij)2 ,   for i: 1, 2 ..n  and  j: 1,2, ..m    or 
 
Linear normalization: 
rij =  xij / bj*,  for j∈ B  and    rij = bj-/ xij,  for j∈ C 
 
Where  bj* =  max bij,  j∈ B, bj- =  min bij,  j∈ C   and  B and C are the set of 
maximizing criteria and minimizing criteria respectively. The normalization is 
subjected to all the elements of the initial decision matrix to result in a 
normalized decision matrix in which all the attributes have the same unit 
length of vector in the interval of [0,1]. 
 
b.  Calculate the weighted  normalized decision matrix 
A weighted  normalized decision matrix can be obtained from the 
multiplication operation of each column of  the normalized decision matrix by  
its associated weight. 
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vij = wj *r ij ,     i: 1, 2 ..n, j: 1,2, ..m 
 
Where wj is the weight for jth attribute and Σwj =1. 
 
c. Determine  the concordance and discordance  set 
The concordance set Cij  of each pair of alternatives Ai and Aj,  i, j = 1,2, .., m  
and i ≠ j  is defined as the set of all the criteria for which Ai is preferred  to Aj, 
which  can mathmetically be described as: 
 
Cij = {j | xik ≥ x Cjk },  for  k = 1,2,…, n. 
 
And  the complementary set is called the discordance set, which can be 
described as: 
 
Dij = {j | xik < x Cjk }, for  k = 1,2,…, n. 
                         =  J - Cij  
Where J ={j | j =1,2,…,n)  is the set of  decision criteria. 
 
d. Calculate the concordance matrix 
The relative value of  the concordance set is measured  by means of a 
concordance index, which is equal to  the sum of the weights associated  with  
those criteria contained in the concordance set.  The concordance index cij  
between Ai and Aj is defined as: 
          n 
cij = Σwj /  Σwj 
         J ∈Cij  j=1 
 
And  the normalized  weight set:  
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cij = Σ wj    
         J ∈Cij     
 
The concordance index reflects  the relative importance of Ai with respect to 
Aj.  The concordance index  will take a value of between 0 and 1, a higher 
value of cij indicates  that Ai is preferred to Aj as far as the concordance 
criteria are concerned.  The value of  the concordance index  can then be used 
to form a concordance matrix m x m which, in general, is not symmetric. 
Obviously, the concordance matrix contains  information about the 
differences among  the weights. 
 
e.  Calculate the discordance matrix 
The elements of the discordance matrix consist of the  discordance index 
obtained from each respective pair of alternatives. The discordance index is 
generally defined as: 
 
dij =  max Σ|vik – vjk | / max Σ|vik – vjk |  
           j ∈dij               j ∈J     
 
Similarly, the discordance index will also take a value of between 0 and 1, a 
higher value of dij indicates  that Ai is less preferred than Aj and on other hand 
a lower value of dij indicates that Ai is more favorable than Aj. Based on the 
discordance index obtained from the calculation, a discordance matrix m x m  
can then be formed, summarizing the information about the differences 
among the  attribute values. 
 
f.  Determine the concordance and discordance dominance matrix 
The concordance dominance matrix is obtained with the aid of a threshold 
value  for  the concordance index. The threshold value generally takes the 
value of  the average concordance index.  An alternative Ai will  only have a 
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chance of dominating alternative Aj if its corresponding  concordance index cij 
exceeds at least the threshold value.  Mathematically, it can be described as cij 
≥ c, where c refers to the threshold value, which is commonly defined as:  
                           m    m 
c =  1/m(m-1) Σ   Σ cij 
                           i=1  j=1 
                           i≠j   j≠ i 
 
Based on the threshold value,  the elements of the concordance dominance 
matrix F are determined as follows: 
 
fij =1, if cij ≥ c and fij =0, if cij < c 
 
Similarly, the discordance dominance matrix can be determined in a  similar 
way using the threshold value of: 
                           m    m 
d =  1/m(m-1) Σ   Σ dij 
                           i=1  j=1 
                           i≠j   j≠ i 
 
The elements of the discordance dominance matrix G are determined as 
follows: 
gij =1, if dij ≥ d and gij =0, if dij < d 
 
g. Determine the aggregate dominance matrix 
The elements of the aggregate dominance matrix E are defined as  
 
eij = fij x gij,  for i: 1, 2 ..n  and j: 1,2, ..m 
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h. Eliminate the less favorable alternatives 
A partial preference ordering of the alternative can be derived from the 
aggregate dominance matrix E.  The value of eij = 1 indicates that the  
alternative Ai is preferred to alternative Aj based on both the concordance and 
discordance criteria. If  any column of the aggregate dominance  matrix has at 
least one element equal to 1, then this column is ELECTREally  dominated by 
the corresponding row. The elimination process then can be carried out by 
deleting any column with an element  equal to 1.  The best alternative is the 
one that dominates all the other alternatives in this manner. 
 
5.4.5 TOPSIS Method 
 
Hwang and Yoon [Hwang, and Yoon, 1981] first developed a technique for 
order performance by similarity to ideal solution (TOPSIS) as an alternative to 
the laborious ELECTRE method. The logic and basic principle behind this 
concept are that the most preferred alternative should simultaneously have the 
shortest distance from the positive ideal solution and the farthest distance from 
the negative ideal solution [Hwang and Yoon, 1981, pp. 128-139], [Chen and 
Hwang, 1992, pp. 38-39], which also certainly reflects the rational of human 
choice [Yoon and Hwang 1995, p. 38]. An ideal solution is defined as a 
collection of ideal performance ratings of all the attributes under consideration 
which, unfortunately, is usually infeasible.  The positive ideal solution consists 
of the best criteria values attainable from all the alternatives by assuming that 
each criterion takes monotonically increasing values. The negative ideal solution 
comprises of the worst criteria values attainable from all the alternatives if each 
criterion takes monotonically decreasing values [Liang, 1999, pp. 682- 691]. 
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The assumption that each attribute involved in  decision making takes either 
monotonically increasing or monotonically decreasing utility implies that, for 
the benefit criteria, the larger the attribute performances, the greater the 
preference is and in the opposite direction for the cost criteria. This concept has 
been widely used for solving practical decision problems due to its simplicity 
and comprehensibility.  The method is able to measure the relative performance 
of the decision alternatives with a high computational efficiency, due to a 
minimum numerical calculation [Chen and  Hwang, 1992, pp. 38-39],  [Liang, 
1999, pp. 682- 691]. Furthermore, the TOPSIS method delivers performance 
ratings and the weights of the criteria in the form of crisp values that facilitate a 
comparison of  the available alternatives.  
 
Since aiming at  the improvement over the ELECTRE method,  most of the 
stages involved in the calculation for obtaining the best alternative are similar to 
those of  the  previous method.  The steps of TOPSIS can be described as 
follows: 
 
a.  Calculate the normalized decision matrix.  
To ensure the compatibility of the objective function and linguistic rating, a 
normalization process is required which  enables a  comparison between 
criteria. The normalization process can be carried out either by applying 
Euclidean/vector normalization or linear normalization to transform various 
measurement units onto a comparable scale.  The normalized data  can then 
be used to construct a normalized decision matrix denoted by R. The suitable 
normalization method to be carried out depends on the type of the data, for 
example the linear scale transformation is more suitable for use with  data 
containing both negative and positive values.  
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The normalized value of rij is calculated as: 
 
rij =  xij  / √ Σxij2 ,    for i: 1, 2 ..n,  and j: 1,2, ..m    or 
 
rij =  xij  / bj*,  j∈ B    or     rij = bj-/ xij,    j∈ C 
 
Where bj* =  max bij ,  j∈ B and  bj- =  min bij ,  j∈ C.   B and C are the set of 
maximizing criteria and minimizing criteria respectively. The normalization 
method mentioned above is to preserve the property that the ranges of 
normalized values belong in the interval of  [0, 1]. 
 
 
b. Calculate the weighted normalized decision matrix 
Considering the different importance of each criterion, the weighted 
normalized decision matrix can be constructed as follows: 
 
vij = wj *r ij ,    for  i: 1, 2 ..n and  j: 1,2, ..m 
 
Where wj is the weight for jth attribute and Σwj=1. 
 
According to the weighted normalized decision matrix, the elements  vij are 
normalized positive value and their ranges belong to the closed interval of [0, 
1]. 
 
c. Determine the ideal and negative ideal solution for each  criterion 
  Since  the ideal is dependent  on the current limits and the available 
constraints, a perceived ideal solution is utilized to represent the rationale 
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choice in a normative decision process. The ideal solution, therefore, can be 
described as: 
 
A* =  {(max vij |j ∈J), (min vij |j∈ J‘) }, 
      =  {v*1, v*2, ...... v*n},  for i: 1, 2 ..n 
 
 Similarly, the negative ideal solution is defined as: 
A-  =  {(min vij |j ∈J), (max vij |j∈ J‘) },  
      =  {v-1, v-2, ...... v-n}, for  i: 1, 2 ..n 
 Where: 
J= {j=1,2,..,n} is associated with the benefit criteria (maximization) 
J’= {j=1,2,..,n} is associated with the cost criteria (minimization)  
 
d. Calculate the separation measures. 
The separation measures  between each alternative are to be expressed  by the 
n-dimensional Euclidean distance.  The separation  of each alternative from 
the ideal solution is given as: 
 
Si* = √ Σ(v*j - vij)2   i= 1, 2, ..n 
 
Where  v*j is the  value of the ideal solution with respect to each criterion. 
 
Similarly, the separation  of each alternative from the negative  ideal solution 
is then given by: 
Si- = √ Σ(vij-v-j)2   i= 1, 2, ..n, 
 
where  v-j is the  value of the negative  ideal solution with respect to each 
criterion. 
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e. Calculate the relative closeness of an alternative  to the ideal solution A* 
The relative closeness of an alternative to the ideal solution is defined by the 
equation: 
 
Ci * = Si- / (Si* + Si-),   0 < Ci * < 1, i= 1, 2, ..n 
 
Obviously, if Si*=0, this will imply that Ci*=1, which  indicates that the 
respective alternatives are located at the ideal solution. On the contrary, if Si-
=0, this will result in Ci*=0 that can be interpreted such as  that the 
performance of the alternative under evaluation with respect to each criterion 
is located at the negative ideal area.  Between these two extreme values, it 
should be noted, however, that  the relationship between  the ideal and the 
negative ideal solution is  not necessarily linear.  
 
The other measurement  for separation measures is that of  Hamming distance 
[Yeh et. al., 2000, p. 465]  between an alternative and its ideal solution. The 
distance  of an alternative from the ideal solution is given as: 
 
Si+ = Σ|v+j - vij|  i= 1, 2, ..n 
 
And its distance from the  negative ideal solution is given as: 
 
Si- = Σ|vij-v –j|  i= 1, 2, ..n 
 
Finally, the performance index for an alternative across all the criteria can be 
determined by: 
 
Pi = Si- /( Si- + Si+ )    
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f.  Ranking of the alternatives  
The ranking of the alternatives can be obtained by ordering the performance 
index in descending order.  The  larger  the performance index, the more 
preferred  the alternative is. 
 
5.5  Multi-Attributes Decision Making in A Fuzzy Environment  
 
The ability to make rational decisions  is one of  mankind’s  unique 
characteristics which has continuously expanded  to cope with the growing 
complexity of  decision situations.  As the nature of some decision problems has 
changed considerably in recent years,  serious doubts have been also raised as  
to the adequacy of many classical methods and their solution techniques 
[Tabucanon, 1988, p. 1]. For example, the intention of  development programs 
recently has  not only been to achieve  high economic growth, but also have  to 
satisfy other goals corresponding to the social, technological and environmental 
objectives.  For example, a government may be interested  in promoting a 
number of sectors at national level in order to maximize growth of output 
production, employment opportunities and  foreign earnings, and to  reduce 
disparity, but still keeps sustainability in mind. Added to this complexity is the 
fact that these objectives  may be in conflict with each other and hierarchical in 
nature. 
 
The most preferable situation for a MADM problem is when all ratings of the 
criteria and their degree of importance are known precisely,  which  makes it 
possible to arrange them in a crisp ranking.  However, many  of the decision 
making problems in the real world take place in an environment in which the 
goals, the constraints and the consequences of possible actions are not known 
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precisely [Bellman and Zadeh, 1970. p. 141]. These situations imply that a real 
decision  problem is very complicated and  thus often seems to be little suited to 
mathematical modeling because there is no crisp definition [Zimmermann and 
Zysno, 1985, p. 148].  Consequently, the ideal condition for a classic MADM 
problem may not be satisfied, in particular when the decision situation involves 
both  fuzzy and crisp data.  In general, the term “fuzzy” commonly refers to a 
situation in which the attribute or goal cannot be defined crisply, due to the 
absence of well-defined boundaries  of the set of observation to which the 
description applies.  
 
A similar situation is faced when the  available information not enough to judge 
or even the crisp value  is inadequate to model real situations. Unfortunately, the 
classical MADM methods cannot handle such problems effectively, due to their 
being  only suitable for  dealing with problems in which all performances of the 
criteria are assumed to be known and thus, can be represented by crisp numbers. 
Computational expertise applied to the various existing quantitative methods to 
solve multi-criteria decision making problems  is necessary, but certainly not a 
sufficient condition for  producing acceptable and plausible results.  The 
application of  fuzzy set theory in the field of multi-criteria decision making is 
then justified, in particular when the intended goals or their attainment cannot be 
defined or judged crisply, but only as fuzzy sets [Zimmermann, 1987, p. 136]. 
 
5.5.1 Types and Sources of Fuzziness 
 
5.5.1.1 Types of Fuzziness 
 
One of the essential problems related to   information processing is the presence 
of imprecision or fuzziness in the available data.  Ideally, the information should 
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be precise and certain, but in  reality it is very often necessary to use  
information which does not have those characteristics. Concerning to the 
imprecision or fuzziness inherent in the information, it can generally be 
differentiated  into the following types [Romelfanger, 1988, pp. 4-5],  
[Zimmermann, 1987, p. 21]:  
 
Intrinsic fuzziness: 
One of the basic features of    human knowledge is its capability to process 
complex  information and to communicate with  others using natural language.  
However, the perception of  certain information or a situation may be varied, 
depending on the environment and preference inherent in human subjectivity. 
Unfortunately, many cases of decision-making are undertaken  in such 
circumstances. Expressions such as “tall man”, “high profit”, “reasonable 
economic growth” and “conducive environment” are  examples of intrinsic 
fuzziness.  These expressions are ill defined and the meaning perceived in these 
notions will depend on the decision situation and the subjective judgement based 
on human experience.  In this case, there is no exact definition due to context 
dependence and subjectivity.   
 
Informational fuzziness: 
This type of fuzziness is due to the asymmetry between the availability of 
abundant information on the  one side and the limitation of the human capability 
to process all information simultaneously into a single perceived criterion on the 
other side. In a complex decision situation,  judgement on the decision 
alternative may be determined not only by a single criterion, but commonly by a 
large number of criteria representing the intended goals.  The abundant 
information available for the assessment of criteria will certainly increase the 
complexity of the problem.  With the increasing complexity, the ability of a 
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human being  to make a precise and significant decision will drop  until a 
threshold is reached beyond which precision and significant become almost 
mutually exclusive characteristics [Zadeh, 1973, p. 28].  
 
Notions such as “prospective investment”, “comfortable hotel”, 
“creditworthiness”, “country risk” and “key sector” are  examples of  
informational fuzziness.  Although these notions are  clearly defined, the 
assessment of the existing alternative cannot be judged only on the basis of one 
single criterion, but as a result of  the evaluation of different related criteria 
simultaneously.  For example, to define  if an economy is conducive for  
investment, the quantitative criteria, such as growth rate, inflation, interest rate, 
tax rate and market size together with qualitative measures such as government 
regulation, the judiciary  system and the stage of development of the country, 
should all be taken into account. 
 
Relational  fuzziness: 
Relational fuzziness occurs when  certain phenomena or  relationships are 
vague, due to non-dichotomy characteristics, which are very frequently  
involved in the formulation of implicit expressions.  Expressions such as “not so 
much higher than average value”, “approximately the same”, “above limit level” 
or the expression   “if the net present value remains positively high, then the 
project is very feasible” are  examples of relational fuzziness frequently used in 
everyday life. To deal with this kind of imprecision,  fuzzy set theory is a perfect 
means for modeling imprecision arising from mental phenomena in the human 
judgement, which are heavily involved in the process of decision analysis.  
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5.5.1.2 Sources of Fuzziness 
 
Regarding  the causes of  imprecision or fuzziness,  there are a variety of sources 
[Chen, 1992 p. 6-7], [Zimmermann, 2000, pp. 192-194] that, in general, can be 
outlined as follows:  
 
Lack of information:  
The main source of imprecision can probably be attributed to a lack of 
information. If the decision maker does not have any information about which of 
the possible states of nature will occur, it will cause a   quantitative lack of 
information. The imprecision may also stem from the inability to obtain the 
exact information, due to difficulty  in measuring the respective characteristics.  
This situation is complicated by the fact, that the term “measurement” itself has 
also very different interpretations in different areas [Zimmermann and Zysno, 
1980].  Sometimes, crisp data is technically obtainable but the cost is too high or 
the time required is too long.  In other cases,  the decision maker may be simply 
not interested in obtaining  the exact value, particularly  when   the data is very 
sensitive and thus uses an  approximation of the crisp data or even employs 
linguistic descriptions.  
 
The other source of uncertainty, which can also be classified under lack of 
information, is ambiguity, referring to a situation in which certain linguistic 
information, for instance, has entirely different meanings in different contexts,  
due to subjectivity. Even when the same linguistic term is used, the intended 
meaning may be quite different. This phenomenon reflects the fact that the same 
term may possess different meanings for different situations. A human observer 
can normally easily interpret a word or term correctly if he knows the context of 
the word. As long as the exact characteristic cannot yet be measured perfectly, 
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there are some uncertainties about the real measurement  and we only know the 
indicated measurement. In summary, the obtained  information is fuzzy because 
the information is unavailable, non-obtainable, or some of  the characteristic of  
the alternatives are context-dependent resulting from  subjective judgement. It 
is, thus,  not quantifiable and can  only   be expressed qualitatively using 
linguistic terms. 
 
Abundance of information:  
Macro-economic  data of a country, presented in a statistical report, may contain 
information about the production levels,  import and export, the  inflation rate, 
the  interest rate, the  per capita income, the labor force, the unemployment 
level, the  customer price index and other related data. However, it is still very 
difficult to obtain a straightforward conclusion about whether  the economy is 
conducive to investment, due to its hierarchical  nature.  In this case, despite  a 
large amount  of information being  available, the ability of human beings to 
perceive and process simultaneously a large number of data is limited and thus 
produces also a certain degree of uncertainty. To deal with such a situation and 
to reduce the  complexity of the decision process, the available data are 
generally transformed into perceivable information in a single criterion. 
Aggregating the available information into a perceived information or focusing 
attention on the criteria that seem to be the most relevant through deletion of 
redundant information is very useful to facilitate the overall judgement. 
Confronted with this kind of  uncertainty,  it is very clear that the higher degree 
of certainty cannot be achieved by gathering even more data, but by reducing the 
complexity through transforming the available data into appropriate perceived or 
condensed  information.  
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Conflicting evidence: 
Uncertainty might also be due to conflicting evidence concerning  a certain 
situation. If the two classes of existing information are in conflict, an increase of 
the information might not reduce uncertainty at all, but rather increase the 
conflict and complexity.  The reasons for this conflict of evidence can certainly 
be varied. To reduce uncertainty due to conflicting evidence, it is better to check 
the correctness of  the available information again rather than gathering more 
information. In some cases, however, deleting some pieces of information might 
reduce the conflict and move the situation closer in the direction of a higher 
degree of certainty. 
 
5.5.2 Fuzzy Multi-Attribute Decision Making Methods 
 
The classic MADM methods generally assume that all criteria and their 
respective weights are expressed in crisp values and, thus, the rating  and the 
ranking of  the  alternatives can be carried out  without any  problem.  In a real-
world decision situation, the application of the classical MADM method may 
face serious practical constraints, due to the criteria  perhaps containing   
imprecision  or vagueness inherent in the information.2 In many cases, 
performance of the criteria can only be expressed qualitatively or by using 
linguistic terms, which  certainly demands a more appropriate method.  The 
presence of fuzziness or imprecision in a MADM problem will obviously  
increase the complexity of the decision situation in  many ways. Fuzzy or 
qualitative data are operationally more difficult to manipulate than crisp data, 
and certainly increase the computational requirements in particular during the 
                                                 
2 Some authors refer also to  incomplete information, imprecise information, vague 
information, partial information or incomplete knowledge.  These terms can be used 
interchangeably. 
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process of  ranking when  searching for the preferred alternatives [Chen and 
Hwang, 1992, pp. 448-449].  
 
As decision making becomes more involved  in both  humanistic and complex 
systems, fuzziness become the prevalent phenomena for  describing these 
systems. One of the main challenges in modeling real life decision situations is 
how to deal with systems and associated problems whose complexities are 
beyond the human capability to process, in which sophisticated computational 
power alone is not sufficient to deal with it. The basis of this contention is the 
principle of incomparability, stating that, as the complexity of a system 
increases,   human ability to make precise and yet significant statements about 
its behavior diminishes until a threshold is reached beyond which precision and 
significance  become almost mutually exclusive characteristics [Zadeh,  1973, 
pp. 28-44].  To provide a decision support for finding solutions to  this kind of 
problem, a model of a system should be constructed to facilitate the assessment 
of the available options.  This activity aims at capturing some features of  reality 
and thus make possible an adequate prediction or prescription of  the real 
situation in such a way that desirable objective criteria are satisfied within the 
given constraints. 
 
In general, the effort of maximizing the usefulness of the constructed model is 
closely connected with the relationship among the three key characteristics of 
every systems model, namely, complexity, credibility and uncertainty. 
Unfortunately, the relationship between these characteristics is not yet fully 
understood. Although usually undesirable when considered alone, uncertainty 
becomes very valuable when considered in connection with  the other 
characteristics of systems models. Uncertainty has a pivotal role in any efforts to 
maximize the usefulness of systems models and allowing more uncertainty tends 
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to reduce the complexity and to increase the  credibility of the resulting model. 
One of the challenges faced in systems modeling is how to develop methods by 
which an optimal level of allowable uncertainty can be estimated for each 
modeling problem, but still maximize its usefulness. This kind of trade-off can 
then be utilized for constructing models that are maximally useful with respect 
to the purpose for which they are constructed. 
 
The recognition of the important role of uncertainty became explicit with the 
publication of a seminal paper by Zadeh [Zadeh, 1965, pp. 338-353] in 1965.  
He recognized that the capability of fuzzy sets for expressing  gradual transitions 
from membership to non-membership and vice versa has a broad utility.  It 
provides us with a powerful representation tool for measuring uncertainties, 
including a meaningful representation of vague concepts expressed in natural 
language.  For instance, instead of describing the potential of economic growth 
in an exact percentage, one may  just say that the potential of growth is 
“moderate” . The term “moderate” contains a vagueness which allows some sort 
of gradual transition from degrees of growth rate that are considered to be 
moderate and those that are not. This kind of description is certainly vague and 
less specific, but it is often more useful in many managerial decisions.  
 
The attitude towards uncertainty and  subjectivity inherent in human behavior  
during  the process of decision making has led to the  new area of study which 
applies fuzzy sets theory in the decision making area. This is  known as Fuzzy 
Multi Criteria Decision Making (Fuzzy-MCDM).  The main feature of this 
approach is  that the  imprecision inherent in the qualitative information can be 
formalized by applying fuzzy sets theory. The fuzzy-MCDM methods  have 
basically been developed  along the same lines as conventional MCDM 
methods, but are designed with the help of  fuzzy set theory to deal specifically 
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with  MCDM problems containing fuzzy data [Zimmmermann, 1987, 1996], 
[Chen and Hwang, 1992], [Carlsson  and Fuller, 1996, p. 139].  The introduction 
of fuzzy set theory to the field of decision making provides a consistent 
representation  of qualitatively or linguistically  formulated knowledge in such a 
way  that still allows the use of  precise operators and algorithms. The 
application of fuzzy set theory  will facilitate the formulation of a complex, ill-
defined and subjectively perceived decision problem in a more appropriate 
manner.  It also enables the  representation  and adequate processing of  the 
vagueness or imprecision into the formal decision model in such a way that 
there is no simplification, but  an intellectually and scientifically acceptable 
manner [Carlsson, 1984, p. 12],  [Zimmerman and Zysno, 1985, pp. 148-158]. 
 
In dealing with a complex decision situation, one needs to develop a decision 
model as a representation of the real problem.  The developed model should 
have  structures and characteristics similar to  the real problem, including any 
perceived vagueness involved in the decision [Riberio,  1996, p. 155]. Fuzzy set 
theory is considered to provide an appropriate approach for  dealing with the 
formulation of imprecise, qualitative information or linguistic formulation by 
explicitly transforming it into  a  formal  linguistic variable. In principle, a fuzzy 
multi-criteria decision method should include the process of  identifying, 
measuring and combining criteria of alternatives to create a conceptual model 
for decision and evaluation in a fuzzy environment [Romelfanger, 1988, p. 1].  
 
There are many variations of the existing fuzzy MADM method, depending 
upon the theoretical basis used for modeling.  These approaches are  basically 
developed  along  the same lines as  the classic methods. Some authors [Dubois 
and Prade, 1980], [Zimmermann, 1987, p. 136],  [Chen and Hwang, 1992], 
[Ribeiro, 1996] when addressing  the fuzzy MADM methods, differentiated the 
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family of fuzzy MADM methods into two main phases. The first phase is 
generally known as the rating process, dealing with the measurement of 
performance ratings or the degree of satisfaction with respect to all the attributes 
of  each alternative.  The aggregate rating, indicating the global performance of 
each alternative, can be obtained through the accomplishment of  suitable 
aggregation operations of all the criteria involved in the decision. The second 
phase, the ranking of alternatives, is carried out by ordering the existing 
alternatives according to the resulted aggregated performance ratings obtained 
from the first phase. Zimmermann [Zimmermann, 1996, p. 310] classified the 
fuzzy methods for solving phase 2 of MADM problems into  fuzzy ranking 
methods and methods for solving phase 1 MADM problems and for solving both 
phases of MADM problems as fuzzy MADM methods.  
 
The fist phase of  the fuzzy multi-criteria decision making  process addresses   
the problem of rating the alternatives’ performances with respect to each 
criterion. In many cases, the performance rating associated with each criterion or 
its weight  might not be expressed crisply, but only qualitatively as a fuzzy set. 
This situation will certainly increase the complexity of  the rating process. In 
multi-criteria  evaluation theory, a clear distinction is  made  between 
quantitative and qualitative  methods.  Particularly in dealing with qualitative 
information,  there are two approaches that may be used: the direct and indirect 
approach.  In the direct approach, the qualitative information is used in  the 
evaluation method without a priori  transformation into a perceived quantitative 
unit.  Conversely,  the indirect approach is characterized by the transformation 
of qualitative information into cardinally perceived information.  As all 
qualitative ratings have been converted, the application of the suitable 
quantitative multi-criteria method  can be used to solve the problem.  In the case 
of a  hybrid type of information,  the direct method will imply that  only the 
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qualitative part of information will be used that may lead to the loss and 
inefficient use of information.  On the  other hand, by applying the indirect 
approach, a loss of information can be reduced or even be avoided [Munda,  
Nijkamp and Rietveld, 1995, p. 80].  
 
To deal with such  problems,  the fuzzy data are generally transformed into crisp 
data,   thus enabling the aggregation of all the criteria involved in the judgement 
of  each decision alternative to  be carried out efficiently.  A  triangular or 
trapezoidal fuzzy number is usually used to express the decision maker’s  
perception of alternatives’ performances with respect to each criterion. An 
aggregation process is then carried out to provide the overall judgements  about 
the degree of satisfaction or rating of all the criteria with respect to each decision 
alternative. The aggregation operators suitable for this operation may vary from 
t-norm, t-conorm  or averaging operators, depending on the context of the 
decision situation and the subjective preferences of  the decision maker.  
 
The ranking of the existing alternatives is commonly accomplished on the basis 
of  their achievement in satisfying  the overall objective, which is generally 
associated with the global aggregated value or utilities of the respective 
alternatives. The process of ranking may result in a fuzzy as well as crisp 
solution to the problem, depending  on the method to be applied. If the final 
judgement of aggregated value is expressed crisply, the ranking of alternatives 
does not pose any particular problems.  On the contrary, the presence of fuzzy 
utilities will make  the ranking process more difficult to be carried out. 
 
There are a  number of  models or methods available for solving  multi-attribute 
decision making problems in a fuzzy environment. The first approach  in 
relating fuzzy set theory to the decision making problems was suggested by 
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[Bellman and Zadeh, 1970, pp.141-164] however, the later method proposed by 
[Baas and Kwaakernak, 1977, pp. 47-58] is widely regarded as the most classic 
work on fuzzy MADM. Some authors introduced either phase 1 or phase 2 or 
both phases of MADM,  using different  methods for the aggregation of phase 1 
and for the ranking of phase 2 with different computational efficiency.  The 
previous systematic review of the existing fuzzy MADM method had been done 
by some authors [Kickert, 1978;  Zimmermann1987, 1996],  but the most 
complete classification was done by Chen and Hwang [Chen and Hwang, 1992, 
pp. 289ff.] and recently  reviewed by Riberio [Riberio, 1996, pp. 155-181]. 
Chen and Hwang  identified  18 distinctive fuzzy MADM methods  and then 
classified them  into eight categories, based on four  criteria, namely their 
capability for  solving large size problems, the type of data allowed,  the classic 
MADM methods relating to and  the technique used [Chen and Hwang, 1992, 
pp. 290-291].  A complete taxonomy of  fuzzy MADM methods is shown in 
Figure 5-2. 
 
5.5.2.1 Bellman and Zadeh  Approach  
 
In [Bellman and Zadeh, 1970. pp. 141-164] the first approach regarding  
decision making in a fuzzy environment was introduced.  They  suggested that 
fuzzy goals and fuzzy constraints could  be defined symmetrically as fuzzy sets 
in the space of alternatives, in which the decision was defined as the confluence 
between the constraints to be met and the goals to be satisfied. A maximizing 
decision was then defined as a point in the space of alternatives at which the 
membership function of a fuzzy decision attained its maximum value. 
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Given X={x} is a set of alternatives, the performance function in a fuzzy 
environment can be described by the concept of fuzzy goal G in X as 
represented by a fuzzy set {x, µG(x))| x ∈ U}. U represents  the universe of 
fuzzy set G and µG(x) is the membership function of the fuzzy goal taking the 
normal value in the interval of [0,1]. Following [Bellman and  Zadeh, 1970, 
p.B147], for example, a fuzzy goal may be expressed  in terms such  as “ x 
should be substantially larger than 10”.  This might be represented by a fuzzy 
set in R as follows:   
 
0                           for  x < 10  
µG(x) =   (1+ (x-10)-2)-1       for x ≥ 10 
 
The value of x that results in the highest value of µG(x) is the preferred one.  
Assuming that µG(x) x ∈ [0,1] takes the value in a linearly ordered set, the 
membership function of a fuzzy goal serves the same purpose as a conventional,  
normalized performance function. Similarly, the fuzzy constraint C in X is 
defined  as a fuzzy set in X.   The constraint “ x should be approximately 
between 2 and 10”  may be represented by the following membership function 
[Bellman and  Zadeh, 1970, p.B148]:  
 
µC(x) = (1+ a(x-8)m)-1    ∈ [0,1] 
 
Where a is a positive number and m is a positive even integer chosen in such a 
way as to reflect  the sense in which the approximation to the interval [2,10] is 
to be understood. 
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The most important feature of the definition regarding the concept of goals and 
constraints is that both are defined as a fuzzy set in the space of alternatives that 
makes it possible for them to be treated symmetrically  in the formulation of a 
decision.  Given the fuzzy goal Gi i=1,…, m and fuzzy constraint Cj j=1,…, n 
defined in the space of alternative X, then fuzzy decision D  can be seen as the 
intersection of G and C, which can be described as: 
 
D = G1 ∩ … ∩ Gm ∩ C1 ∩ … ∩ Cn   
 
The membership function of the decision is defined as: 
µD(x) = µG1(x) ∧ …∧ µGm(x) ∧ µC1(x) ∧ …∧ µCn(x)  
 
The optimal decision is given by the maximum value of µD(x) that 
mathematically is defined by:  
 
Max µD(x)                          for x ∈ K  
µDm(x) =  0                                otherwise  
 
Where K is the set of point X on which   µD attains its maximum, if it exists.  
 
Figure 5-3 represents the graphical illustration of  decision making in a fuzzy 
environment. Clearly the intersection of the goals and constraints reflects the 
interpretation of aggregation operation and in the hard sense, in which no  trade-
off is allowed. Moreover, the definition of fuzzy decision D assumes that all 
goals and constraints involved in the decision are of equal importance.  
However, in a situation in which unequal importance of criteria exists, the 
decision D might be expressed as a convex combination of the goals and the 
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constraints, with the weighting coefficients reflecting the relative importance of 
the constituent terms.   
 
 
 
 
                     Constraint                                       Goal 
 
 
 
 
 
                                      Decision 
  
 
 
 
Figure 5-3:  Fuzzy decision as a confluence of goals and constraints 
 
 
The membership function of the decision D can be expressed as [Bellman and 
Zadeh, 1970, pp. B150-151]: 
 
                 n                                m 
µD(x)  = Σ  αi(x) µGi(x)  +   Σ  βj(x) µCj(x),    
                i=1                              j=1 
 
where αi  and βj   are the membership function such that: 
 
 n                   m 
Σ  αi(x) +   Σ  βj(x) = 1  
i=1                j=1 
 
 
5.5.2.2 Baas and  Kwakernaak  Method  
 
Until recently, the approach suggested by [Baas and Kwakernaak, 1977, pp. 47-
58] was widely regarded as the most classic work on the fuzzy MADM method  
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and often used as a benchmark for other similar fuzzy decision models. Their 
approach was a reaction to a probabilistic approach suggested by [Kahne, 1975, 
pp. 261-269] which assumed that the weight and the ranking of the alternatives 
were  to be stochastic variables and the optimal alternative was determined by 
using Monte Carlo simulation. Their approach consisted of both phases of 
MADM, the rating of criteria and ranking multiple aspect alternatives using 
fuzzy sets. 
 
Baas and Kwakernaak considered  the following fuzzy version of the problem.  
Let X ={xi}, i = 1,2,…, n   be the set of alternatives and G  ={gj}, j = 1,2,…, m 
be the set of goals. Rij is the fuzzy rating of alternative i with respect to goal j 
and wj ∈ R is the weight of goal j.  Moreover,  it is assumed that the rating of 
alternative i with respect to goal j is fuzzy and is represented by the membership 
function µRij (rij).  Similarly, the relative importance of goal j is represented by a 
fuzzy set wj with membership function µwj(wj). It is assumed that µRij (rij) and 
µwj(wj) have a  normalized membership function in the closed interval of [0,1]. 
To carry out the evaluation of an alternative x, it is assumed that its value is  a 
fuzzy set which is computed on the basis of the kj  and wi  as follows: 
Consider a function g(z): R2n ? R defined by: 
 
    n             n 
g(z) =   Σwj rij / Σ wj  with z = (w1, w2, …, wn, ri1, ri2, …., rin ) 
               j=1         j=1  
 
On the product space R2n, a membership function µzi is defined as: 
       n                                  n 
µzi(z)  = min {min (µwj(wj)), min (µRik (rik))} 
                             j=1                      k=1 
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Through the function g, the fuzzy set Zi = {(z, µzi )} induces a fuzzy set Ri = 
{(r, µRi )} with the membership function of: 
 
µRi = sup µzi (z),     for  r ∈ R 
        z:g(z)?r 
 
Where µRi (ri) is the final rating of alternative xi.  The final rating of each 
alternative obtained from this computation  is then used as a basis for rank 
ordering of all alternatives performed in phase 2. 
 
The process of ranking of the available alternatives is carried out on the basis of  
the observation that  if xi has received a crisp rating ri = Ri, then a reasonable 
procedure for the maximization would be to select xi with the highest rating.  
The set of preferred alternatives is then defined as: 
 
{xi  ∈ X |  ri  ≥  rj,  ∀j ∈  I}, i = {1,2,…,m} 
 
However, due to the final ratings obtained from first phase being fuzzy, the 
problem is becoming more complicated.  In their model,  the authors suggested, 
in addition to Ri, two different fuzzy sets that supply different kinds of 
information about the degree of preference of  a particular alternative. 
 
First, by  determining a conditional set {I| R} with the membership function of: 
 
1   if  ri  ≥  rj,  ∀j ∈  I   
µ(I>R)(x| r1,  r2,  …rm) =   0   otherwise 
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The membership function indicates that a given alternative xi, belongs to the 
preferred set if, and only if, the following condition is satisfied: 
 
ri  ≥  rj,  ∀j ∈  I 
 
The final fuzzy ratings R defined  on Rm  is a fuzzy set described as: 
 
R = {(r1, r2, …, rn), µR(r1, r2, …., rn)}  with the membership function 
of 
µR(r1, r2, …., rn) = min µRi(ri),  for i=1,2, ..m 
               
This fuzzy set together with the conditional fuzzy set induces a fuzzy set I = 
{(x1, µI(x1))} with the membership function: 
 
µI (xi) = sup (min { µR(xi), µI|R(xi)} 
              r1, r2, …., rm      
 
The value of the membership function with respect to a particular alternative can 
be interpreted as the degree of conformity to which alternative xi satisfies the 
best alternative. If there is a unique i for which the supremum of µI(xi)= 1 is 
attained, then it can be interpreted that alternative xi dominates crisply all the 
other alternatives. 
 
It  is also possible that xi is not  the unique best alternative, but there might be 
some xi, attaining their maximum degree of membership at r*, which might be 
represented by different fuzzy sets R. In dealing with this possibility,  Baas and 
Kwakernaak tried to establish additional criteria aimed at distinguishing such 
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"preferable" alternatives from each other and ranking them. If the final ratings 
are crisp, r1, r2, …., rm  then the following formulae can be used as a measure  
for the degree of preferability of alternative xi over  all the others.   
                                n 
pi = ri  - 1/(m-1) Σ ri  for fixed i  
            i=1 
 
If the final ratings  Ri are fuzzy, then the mapping hi: Rm ? R, induced a fuzzy 
set  pi  ={(p, µpi(p)} with the membership function of:  
 
µPi (p) = sup (µR (r1, r2, …., rm),     p  ∈  R  
                                         r1, r2, …., rm , h1(r1)= p     
 
This fuzzy set then can be used to judge  the degree of preferability xi  over all 
the other  alternatives. 
 
5.5.2.3 Yager Method 
 
Yager  assumed there are a finite set of alternatives X = {xi}, i = 1, 2, ..., n, a 
finite set of goals  or attributes G ={gj}, j = 1, 2, ..., m  and a set of  weight W 
={wj}, j = 1, 2, ..., m indicating the relative importance of each decision 
criterion to the decision maker [Yager, 1978, pp. 87-95]. Then gj = {xi, µgj (xi)}  
is a fuzzy set indicating the degrees of membership expressed in the normalized 
degrees of attainment of the jth goal by alternative xi.  The fuzzy set of the 
decision D is then defined as the intersection (conjunction) of all the fuzzy goals 
that can be expressed as: 
                   m 
µD (xi) = min µgj(xi)wj,  for i= 1,2,…, n.  
                                          j=1     
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Ideally, the best alternative should posses the highest membership values with 
respect to all criteria, but, unfortunately, such a situation  rarely occurs in the 
case of multiple attribute decision making problem.  To arrive at  the best 
acceptable alternative, he suggested a compromise solution by proposing the 
combination of max and min  operators.  Accordingly,  the maximizing  decision  
is defined   by: 
 
µD (xi) = max min µgj(xi)wj 
                   xi            j 
 
For the determination of the relative importance of  each attribute, he suggested  
the use of the Saaty method  through  pairwise comparison based on the 
reciprocal matrix. The incorporation of weight in the decision process  will 
deliver more meaningful results. However, this method suffers from limitations 
due to its considering only  partial information -  the minimum membership 
value -  in judging the ranking of  the existing alternatives.  
 
5.5.2.4 Ranking Fuzzy Sets by Maximizing and Minimizing Sets  
 
The starting point of the Chen method [Chen, 1985, pp. 113-129] for the ranking 
of fuzzy sets was the method suggested by Jain [Jain, 1976, pp. 696-703], which 
employs maximizing sets and focuses only on the second phase of  decision 
making. He observed that  Jain’s  method, in some cases, has no sufficient 
capability  in discriminating fuzzy numbers and does  not allow the  treatment of  
negative or even subnormal ratings.  To increase the discriminating quality of 
the previous method, he introduced the use both of maximizing as well as 
minimizing fuzzy sets for distinguishing and ranking non-identical fuzzy ratings.  
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The maximizing set M of Jain’s   method was  redefined  by Chen as: 
 
[(x – xmin)/(xmax -xmin)] k        for xmin ≤ x  ≤ xmax  and k >0  
µM(x) =   0                                                 otherwise 
 
 
Where k is an integer indicating the decision maker’s  attitude toward risk and 
xmax, xmin represent the maximum and minimum numbers in the support set of 
Mi, S(Mi), respectively. In parallel, he introduced a minimizing set N that  is 
defined  as: 
 
 
[(x – xmax)/(xmin -xmax)] k     for xmin ≤ x  ≤ xmax  and k >0. 
 
µN(x) =   0                                          otherwise 
 
Accordingly, there are two scores associated with each fuzzy number  Mi, 
namely the right score µR(Mi) and  the left score µL(Mi), where  each is defined 
as: 
 
µR(Mi) = sup [µmax(x) ∧ µMi(x)]   and    µL(Mi) = sup [µmin(x) ∧ µMi(x)]  
                   x                 x 
 
 
This two scores certainly provide better discriminating power by utilizing more 
information contained in Mi.  The rank of an alternative is determined by the 
value of the total score of Mi, which is defined as: 
 
µT(i) = [µR(i) + 1-µL(i)] / 2  
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       M1        M2 
 
          1         
Minimizing set             Maximizing set 
  
  
µR(M2)
µL(M1) 
µR(M1)µL(M2) 
Xmin Xmax X 
 
 
 
 
 
 
 
 
Figure 5-4: Maximizing and minimizing set of Chen 
 
 
Figure 5-4 depicts the graphical  representation of  maximizing and minimizing, 
as suggested by [Chen and Hwang, 1992, p.239]. In the case of a maximization 
problem, the existing fuzzy numbers  can then be ranked  on the basis of the  
ascending order of the total score obtained from the above calculation. 
 
5.5.2.5 Chen and Hwang Method  
 
Before proposing a general approach for fuzzy MADM problems, Chen and 
Hwang carried out an extensive review on the existing fuzzy MADM method so 
far employed [Chen and Hwang, 1992, pp. 465-486]. They found some 
drawbacks that may be encountered on the application of the existing methods, 
due to the fact that the comparison of  fuzzy numbers is not always 
straightforward and reliable [Yeh et.al., 2000, p. 462].  Some of the existing 
fuzzy MADM approaches  still suffer from some limitations, mainly  concerning   
the sensitivity of fuzzy ordering, counter-intuitive results and changing order, 
due to  addition or deletion when comparing fuzzy numbers. Moreover, most of 
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these approaches need cumbersome and laborious computations, which certainly 
limits their applicability for solving real world problems involving a great 
number of criteria.  
 
They argued that some approaches, such as those  suggested by  Baas and 
Kwakernaak,  Dubois and Prade and Bonissone  require that the elements of the 
decision matrix  be presented in fuzzy format, even though they are crisp by 
nature.  This condition was seen as a violation of the original intention of 
applying fuzzy set theory to cope   with human judgement. Modifying and  
synthesizing from  the similar previous works on the crisp approach to  fuzzy 
problems, they suggested a systematic and rational approach of standard 
conversion from fuzzy data into crisp scores.  The conversion  process will 
guarantee that all fuzzy data, expressed either as linguistic terms or fuzzy 
numbers can be transformed into its corresponding crisp rating. The conversion 
system [Chen and  Hwang, 1992, pp. 491ff] comprises  a set of  scales 
containing the linguistic terms ranging from 2 to 11, as summarized in Figure 5-
5. 
 
Realizing the fact that the relationship  between linguistic  values  and the 
corresponding real values is always defined using a membership  function [Von 
Altrock, 1997, p. 43], the main principle of this conversion system is to pick a 
scale that matches all the linguistic terms to represent  the  associated   suitable 
meaning.  The great challenge here is that each linguistic term may have a 
different meaning due to subjectivity and context dependence. Even when the 
number of terms allowed is the same, the actual verbal terms may be slightly 
different.  Similarly, for the same term, the fuzzy numbers graphed may be quite 
different, reflecting the fact that the same  linguistic terms may possess different 
meanings for different decision situations. 
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The approach suggested by Chen and Hwang can  be attributed to a  two-phase 
approach. The first phase is characterized  by the conversion  of all the fuzzy 
data into crisp scores to result in a decision matrix only with crisp data. The 
conversion process has clearly transformed a fuzzy MADM problem into a 
classic MADM  that significantly reduces the mathematical computation  to a 
minimum. As all the fuzzy data have been converted into crisp ratings, the 
second phase, the ranking of the alternatives,  can be accomplished by using any 
appropriate classic MADM method. 
 
5.6 Criteria for the Selection of the Appropriate Fuzzy MADM Method 
 
In [Chen and Klein, 1997,  pp. 51-52] it was observed that the existing 
approaches to the  fuzzy MADM method might suffer from at least one of the 
following drawbacks. For example, some of the existing ranking methods may 
not be sensitive enough  when comparing some trivial fuzzy orderings, and thus 
may deliver counter-intuitive results.  Moreover, the addition or deletion of the 
compared fuzzy numbers may alter the original ranking order and, finally,  the 
ranking methods can be applied only when membership functions are known.  In 
such case, one can only observe the order among the fuzzy numbers and cannot 
measure the degree of dominance among them.  Concerning  the computation 
requirement, most of the existing approaches demand cumbersome 
computations and, thus, are  only suitable for solving problems with a small  
number of alternatives or attributes, which certainly limits their applicability to 
real-world problems.  
 
In searching for a more efficient approach  for solving fuzzy MADM problems, 
Chen and Klein  developed two different paths of approaches [Chen and Klein, 
1996,, pp. 51-67].  Considering that  the performance rating of each criterion  
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and its weight may contain fuzziness or some degree of imprecision, the first of  
their concerns is how to deal with this fuzzy data.  Their main idea is that  all the 
fuzzy data, mainly expressed in  linguistic terms, should be transformed into 
fuzzy numbers by applying a suitable defuzzification  method.  Then, as all 
linguistic terms have been converted into the corresponding fuzzy numbers, 
there are two possible paths leading  to the ranking order of alternatives.   
 
The first approach consists of an aggregation process using a fuzzy weighted 
average method by considering all performance ratings and their weights to 
result in aggregated (fuzzy) utilities. To produce  a global ranking order of 
alternatives, the aggregated fuzzy utilities then need to be defuzzified into crisp 
values, using suitable defuzzification methods. To compare the effectiveness 
and efficiency of the data transformation by the defuzzification methods, they 
used  the common defuzzification methods  so far employed,  such as weighted 
center, area center, total integer value,  left and right scores. To improve the 
results of the defuzzification process, two additional defuzzification methods 
were introduced, first using α-cuts combined with fuzzy subtraction, summation 
and the second method  using α-cuts and fuzzy  subtraction operations. Finally, 
as all the aggregated fuzzy utilities were  fuzzified, the ranking of the available 
alternatives could be determined. 
 
The other way to process  fuzzy ratings is by converting them directly  into 
numerical ratings  and following that up with the aggregation process of all the 
numeric ratings, by using a simple additive weighting method. Comparing the 
aggregated value associated with  each alternative will result in  the ranking 
order of  all the  available alternatives. Chen and Klein convincingly concluded 
that a defuzzification process transforming fuzzy data into crisp data could 
reduce the complexity of  fuzzy MADM substantially. Even when the fuzzy 
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MADM problem involves a large number of criteria and alternatives, this 
approach is able to deal with the problem effectively and efficiently. A 
defuzzification process that facilitates the conversion of fuzzy data or even  
linguistic terms involved in the decision making into crisp value can certainly  
increase the capability of the method of delivering more realistic solutions for 
fuzzy MADM problems.  
 
Another in-depth analysis of the existing fuzzy MADM approaches has also  
been conducted by  some authors by assessing five fuzzy multi-attribute 
decision making methods comprising  a fuzzy weighted-sum model, a fuzzy 
weighted products model, a fuzzy analytical hierarchy process, a fuzzy revised 
analytical hierarchy process and a fuzzy TOPSIS [Triantaphyllou and Lin, 1996, 
pp. 281-310]. They found that  these methods might derive different or even 
contradictory results for the same decision problem. They concluded that none 
of the methods could   perfectly satisfy all requirements in terms of consistency 
and stability of the results. However, the results of the analysis also revealed that  
a fuzzy revised analytical hierarchy process  is better than  any other fuzzy 
decision methods under study. 
 
Although some fuzzy MADM methods have been proposed by many authors,  
most of them are only suitable to be applied for small size problems containing 
only a small  number of variables and attributes. Some methods assume that the 
decision matrix should be in fuzzy data, even when the criteria is crisply defined 
and   thus  they become more complex and difficult to apply. Therefore, a 
simple but suitable method which is conceptually easy to understand and 
practically capable of solving real-world problems is desirable. As noted in  
[Zimmermann, 1987, pp. 173-174] the comparison of the existing fuzzy MADM 
methods clearly indicated that the methods led to almost the same results if all 
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the problems had clear-cut solutions. Unfortunately, as earlier described, in a 
problematic and unclear situation, some methods provide different results, or 
even perhaps contradicting each other. The question about the best method is 
therefore  still open and cannot be answered with certainty because it will 
depend largely on  subjective evaluation and the decision situation for which the 
method is to be employed.   
 
A very valuable guide for choosing a suitable fuzzy MADM method was 
suggested by [Zimmermann, 1987, pp. 174-175]. This can be summarized as 
follows:  
 
Generality: 
It  refers to the degree of general applicability of the method, mainly concerned 
with the types of fuzzy sets and  the operators to be used.  The higher the degree 
of generality, the more preferred the respective method is. 
 
Discrimination:  
This criterion indicates the capability of a method to differentiate between 
alternatives ratings,  which differ only slightly from each other.  Some methods 
are insensitive in discriminating the ranking of the alternative. 
 
Fuzzification: 
It refers to those components of the MADM problems that can be represented by 
fuzzy sets, which may  range  from only a part to all the  components of the 
ratings of the alternatives, the weights and the results of aggregation. A 
particular method, such  as fuzzy rule base inference requires that all the 
components of the data are to  be fuzzy, even when the original value is crisply 
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defined.  This requirement will certainly  increase the complexity of the 
problem. 
 
Information requirement:  
The type of information  that has  to be processed may vary from standardized 
input data to different types of fuzzy numbers, for instance, a fuzzy singleton, 
triangular fuzzy  number or trapezoidal  fuzzy numbers.  Obviously, the more 
standardized the input data, the less information to be processed and the method 
allowing all kind of fuzzy inputs will certainly increase the information 
processing requirement. 
 
Sophistication:  
This consideration refers to the mathematical tools used in both phases of the 
decision process, either in phase 1 or phase 2 of the fuzzy MADM method. The 
consideration of sophistication   particularly concerns  the time required to solve 
the problem and complexity of the calculation, independent of  the  increasing  
number of criteria and/or alternatives.  It is  preferable that the method is able to 
deliver  a solution with a minimum computational requirement. 
 
Phase: 
In general, the fuzzy MADM approach consists of two different phases, namely 
the  rating and ranking of the available alternatives. A method containing both 
phases will provide a better approach for  dealing with a fuzzy-MADM problem.  
Many authors work only on phase 1, and  others focus on phase 2 and  only a 
few of the works focus on both phases.  
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Result: 
According to the  method  used as a decision tool, the results of the calculation 
may be presented in fuzzy or crisp ranking. Certain methods provide a crisp 
optimal ranking, as in the classic MADM method.  Other methods deliver results  
as a fuzzy ranking accompanied by the grade of membership value and even 
some of them may be expressed in linguistic or natural language.  
 
Defuzzification:  
For a  real world decision problem, the performances of  attributes might be 
characterized by different units of measurement containing quantitative, 
qualitative or fuzzy information. To reduce the complexity in the processing of 
fuzzy data, the  linguistic terms or fuzzy number contained in the data should be 
transformed into crisp numbers through the  defuzzification process. The 
defuzzification process  will provide advantages through the reduction of  
mathematical computations to a minimum, so that the MADM problems can be 
solved efficiently. However, determining the most effective and efficient 
method for transforming fuzzy ratings into numerical ratings is still a major 
problem, mainly concerning about the sensitivity to the variations and the ability 
to discriminate among slightly different fuzzy data.  The most commonly used 
defuzzification methods consist of the weighted center approach, the area center 
method,  the total integral value of fuzzy number, the left and right assigned 
scores and the method synthesized by Chen and Hwang  [Chen and Hwang, 
1992, pp. 492ff.].  
 
5.7 Practical Applications of Fuzzy MADM Methods 
 
Fuzzy MADM methods as a new alternative approach in dealing with multi-
attribute decision problem involving imprecision in everyday life have received 
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a great attention from many researchers.  Some improvements have been made,  
mainly through the application of the method for finding the better solution to 
the real problems faced in everyday life.  In the early periods of  the 
introduction, most of the applications were   mainly focusing on  the fields of 
natural science, but in more  recent years, fuzzy MADM methods have  also 
been widely applied for  supporting  the decision making in various fields of 
study.  Recently, the application of fuzzy MADM methods can be found in the 
field of engineering, operations research, economic and management, 
psychology, and so on.  The following section will briefly summarize some of 
the existing applications. 
 
Assessment of Creditworthiness: 
This application could be seen  as a  pioneer for application in the business field. 
A commercial application of fuzzy MADM for the evaluation of 
creditworthiness of customers of a Swiss bank was  done in 1986 [Zimmermann 
and Zysno, 1982, pp. 403-416], [Von Altrock, 1997, pp. 277-283]. For each 
customer, eight criteria describing various aspects were given, comprising  
property minus long-term debt, other net property, income minus expenses, 
continuity of margin, physical and mental potential, motivation, economic 
thinking. The structure of the evaluation system is hierarchical, in which in each 
node two criteria are aggregated into a new defined criterion. These higher level 
criteria consist of security, liquidity, potential and business behavior, which can 
then  be further condensed into financial and personal factors as a basis for 
judging the degree of creditworthiness of a customer.  The decision about the 
acceptance or rejection of the application is processed through a linguistic 
decision model employing a fuzzy rule base system. The gamma operator is 
used as a connective between criteria that has been empirically proven to be  the 
most appropriate for representing human behavior in the decision process. 
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Similar applications have been carried out for the assessment of the credit 
application of middle enterprises in Germany [Rommelfanger, and 
Unterharnscheid, 1987, pp. 361-369;  1988,  pp. 471-503] and also for 
commercial loans in the case of Taiwan [Liang-Hsuan and Chiou, 1999, pp.  
407-419]. 
 
Performance Evaluation of Bus Companies: 
A fuzzy multi criteria analysis for the performance of evaluation of bus 
companies has been carried out in the case of the  urban public transport system 
in Taiwan [Yeh, Deng and Chang, 2000, pp. 459-473]. The evaluation process 
involved multiple hierarchical criteria and the subjective assessment of decision 
alternatives, in which the subjective and imprecise information is modeled by 
means of linguistic terms.  Five main criteria, comprising  safety, comfort, 
convenience, operation and social duty,  some of which  were  fuzzy defined, 
were  used for the evaluation purpose. Each of these main criteria was then 
further divided  into two to five sub-criteria.  The concept of the degree of 
optimality of each alternative with respect to each criterion was used to 
transform the weighted fuzzy performance matrix into a fuzzy singleton matrix.   
Combined with the attitude of the decision maker towards risk, a crisp overall 
performance index was  obtained for each alternative that could  be used as basis 
for ranking.  The result clearly indicated the advantages of fuzzy MADM in 
adapting to  the subjective evaluation involved in  decision making. 
 
Evaluation of  Alternative Farming Systems: 
A fuzzy MADM model was used to evaluate the combined performances of ten 
farming systems and several hypothetical systems in Missouri [Marks, and 
Dunn, 1999]. Eleven relevant criteria comprising  both quantitative and 
qualitative concepts, representing economic, social and environmental aspects 
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were  used to evaluate each farming system. Applying fuzzy rule base inference, 
involving the use of a gamma compensatory operator and the center of area 
defuzzification method, a final crisp ranking of different farming systems was 
obtained.   The usefulness of  the fuzzy MADM approach was clearly 
recognized in dealing with the alternative farming systems involving the 
subjective preferences of a decision maker. 
 
Identification of Industrial Districts: 
The identification of an  industrial district in the Italian manufacturing industry 
was  carried out by some researchers [Faccinnetti, Mastroleo and Paba, 2001, in: 
http//www. fuzzytech.com/e/district.html]. Instead of using crisp input data  so 
far employed in the conventional methods, all inputs were fuzzified to enable 
the information processing using a fuzzy rule base.  In addition to the  four 
criteria commonly used in the classic method: the share of manufacturing, the 
small firm condition, specialization index and small firms in the specialized 
sectors, three new criteria were introduced in the fuzzy MADM approach.  The 
newly introduced criteria comprised  employment share, number of employees 
and share of employment in the local system in the respective sector. Through 
the extension of the existing crisp concept on industrial district, the results 
revealed that the application of fuzzy MADM provided a  more reliable estimate 
of the industrial districts than the classic models so far employed. 
 
Evaluation of Development Project Maturity: 
Fuzzy MADM was also  successfully applied for the evaluation of development 
of project maturity in the automotive industry at Mercedes-Benz, Germany [Von 
Altrock  and Krause, 1994, pp. 375-380]. In attempting to optimize the design 
process of automotive components, such as gear boxes, axes and steering,  it was 
necessary to measure the maturity of the respective design process with a single 
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indicator. The evaluation system was  hierarchical in nature, involving ten 
criteria, comprising both objective and subjective criteria to describe the degree 
of maturity of the design. By applying the suitable aggregation operator and 
carrying out fuzzy inference based on a  fuzzy rule-base, a linguistic description 
of the evaluated design was the result.  To enable either the  ordering or 
comparing of  the design maturity of different automotive components, the 
linguistic results were then  translated into numerical values through the 
defuzzification process.  The center of maximum defuzzification method was 
employed to result in the best compromising value for the linguistic terms 
describing the degree of design maturity.  
 
The application of a fuzzy logic based decision has shown advantages in 
modeling decisions of a complex system which involves  imprecision. More 
details about the extensive practical applications of fuzzy technologies in almost 
all research fields are comprehensively described in the latest publication of 
[Zimmermann, 1999]. 
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6  DEVELOPMENT OF A GENERAL FUZZY MADM APPROACH  
WITH REFERENCE TO KEY SECTOR IDENTIFICATION OF AN 
ECONOMY 
 
 
6.1  The Characteristics of a General Fuzzy MADM Model 
 
This chapter aims to provide a description of the main phases involved in the 
development of a general model fuzzy multi-attribute decision making method 
that, subsequently, can be applied  to the identification of the key sectors in any 
economy.  In some aspects, there are similarities with the development of the 
classic MADM model, for instance, in the formulation  and construction of 
decision problems.  The specific feature which  differentiates this model from 
the classic MADM method lies at the stage of  information processing, at which 
the former  has to deal with both  quantitative as well as qualitative data. To deal 
with imprecision or vagueness in the decision data, fuzzy set theory  will be 
applied to facilitate the information processing. Figure 6-1 describes the main 
phases of the development of a fuzzy MADM method. 
 
The fuzzification of input data and an aggregation process using a fuzzy rule 
base and an inference system followed by defuzzification of output are the  
special characteristics of information processing for producing   plausible 
results. As the information processing has been accomplished, the process of the 
ranking of the alternatives can be carried out without significant problems.   
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Figure 6-1: The main phases of the development of a fuzzy MADM method 
 
 
6.1.1 Identification and Formulation of the Problem 
 
Multiple criteria decision making is characterized by the need for a complete 
assessment of the involved criteria before the final judgement on the alternatives 
can be made. Therefore,  the development of a multi-criteria decision making 
model usually begins with the identification and formulation of the 
corresponding problem.  Regarding this issue, the real decision system should be 
carefully analyzed to provide general information about the problem. The most 
important part of this phase is the identification of the ultimate or global goal as 
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a basis for the formulation of the problem systematically. Unfortunately, in 
many real-life decision situations, the global goal is often ill-defined and thus 
cannot be  straightforwardly  identified.  In most cases, the global goal could  
only  be evaluated through an aggregated indicator resulting from the 
aggregation of some criteria at the lower level. Considering this situation, all 
elements of the problem, such as the goal(s), alternatives, constraints and the 
surrounded environment should be precisely identified.  The information should 
also contain a clear description of  the relationship   between the listed criteria 
and the nature  of  measurement of the involved criteria.  Based on the obtained 
information, a  fuzzy multi-criteria decision making problem  can then be 
formulated  to  represent the real decision problem. 
 
6.1.2 Construction of A Decision Model and Description of  the Relationship  
Between Decision Criteria 
 
A decision model is a simplified description  of a real decision situation in  such 
a manner that allows a systematic  identification of the corresponding problem 
and thus provides a way for the assessment of  the available alternatives. In 
dealing with a real-life decision situation, the constructed model will play a 
crucial role in facilitating the evaluation of  the decision situation. Through the 
identification of the involved decision parameter, the information about  
measurement of the criteria and the interaction between  them can be obtained, 
so that a more detailed description  about the problem can ensue. However, it  
should be  considered that there might be uncertainty involved, either in the 
definition of the criterion or in its measurement.  
 
The next step of the formulation of a decision model is the development of  the 
structural hierarchy as a useful tool for defining and evaluating the relevant 
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decision criteria. One of the suitable means for describing the complex features 
of a decision problem is through the construction of a decision tree that provides 
a more clear description about hierarchy and the logical relationship between 
criteria. After all the relevant criteria involved in a decision problem have been 
specified, their relationships  with other criteria and the effect on the decision 
has to be described. This idea is based on the consideration that human beings, 
due to their  nature of thinking, are  capable of carrying out a complex decision 
process step by step in a hierarchical structure, in which the global criterion is 
systematically derived into lower levels of sub criteria to facilitate the evaluation 
process. In the case of  the global goal, which  is commonly fuzzy in  nature and 
thus cannot  be precisely defined, this goal should be derived into measurable 
goals, criteria or attributes at the lower level that provide means for evaluating 
goals accomplishment. It is suggested that the listed attributes should be 
complete and exhaustive, containing mutually exclusive criteria and be restricted 
to performance attributes of the highest degree of importance [Yoon and Hwang 
1995, pp. 8-9]. 
 
It has been widely recognized that the determination of the relevant decision 
criteria is the most difficult task in employing the MADM method [Hwang and 
Yoon, 1981, p. 19]. In general, the relevant criteria to be considered may  result 
from an extensive literature survey or from a panel of experts in the problem 
area. In the case of the relevant criteria perhaps being identical with the goals, 
the direct assessment on the performance of the respective criteria can be 
accomplished.  However, in a complex decision situation, such as in the 
definition of key sectors, the goals or criteria at the higher level are still quite 
abstract and thus cannot be directly evaluated. Moreover, the relation between 
criteria may be too complex to be described  exclusively  in quantitative terms 
and thus  an exact mathematical representation for this kind of problem  is, 
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unfortunately,  nearly always impossible. The judgement of the ultimate goal at 
the highest level of hierarchy  can only be made through the aggregation of 
different criteria involving nominal or ordinal value in a hierarchical structure. 
In such a decision situation, the associated criteria should be derived from the 
available goals into sub-criteria at a lower level representing the 
operationalization of the goals, until a measurable criterion is reached through 
which the alternatives can be assessed. However, the solving of such problems is 
by no means without great difficulties and the assessment of an alternative 
through the operationalization of goals may still leave some questions about 
how far  the derived criteria can actually represent the goals. 
 
Although a real decision situation may involve  a substantial number of  criteria, 
usually only a fraction of these criteria really dominates the behavior of the 
respective system. Accordingly, the simplification of the real system for the 
purpose of construction of a model should concentrate  primarily on identifying 
the dominant variables as well as  other information pertinent to the  decision 
making process. In deriving criteria which is supposed to have relevancy to the 
evaluation process, attention should be given because the number of attributes 
associated with each alternative always tends to grow towards unmanageable 
sizes. The condition should be satisfied  that the number of decision criteria 
should be discrete but complete to enable the assessment of the whole decision 
situation. Moreover, the  information about the type and the quantity of  required 
data should be made available.  
 
To deal with this kind of problem, the use of a hierarchical approach based on a 
tree-like composition is generally very useful for limiting the number of 
attributes, but still maintaining completeness and possible distinction between 
single and composite indicators [Nijkamp and Ouwersloot, 2000, p. 9].  Figure 
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6-2 describes how structural hierarchy is very helpful in facilitating  the 
derivation of  the ultimate or global  goal into measurable basic criteria.  
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Figure 6-2: Hierarchical measurement schema 
 
 
Clearly, the complexity of the problem will increase according to the number of 
criteria to be considered, which may achieve a level beyond the human 
capability to precisely  deal with it [Hammond, Keeney and Raifa, 2001, pp. 22-
23].  Therefore, it should be kept in mind  that the degree of complexity of the 
models is always  an inverse function of  the degree of simplification  of the 
assumed real decision situation as abstracted from the real system. 
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6.1.3 Fuzzification of Input Variables 
 
A fuzzy multi-attribute decision making approach for a decision problem 
integrates strategic criteria for the evaluation of the alternatives’  performances,  
some of which pose difficulties in quantification. In many cases, it is  virtually 
impossible to give an exact description of any physical situation, which certainly 
also holds  for any  managerial problem situation.  The basic assumption for 
applying a fuzzy multiple attributes decision making approach is that the 
performance and  the importance associated with each criterion may be 
expressed in different units of measurement either quantitatively or qualitatively. 
For example, the measurement  of economic criteria, such as the value of 
foreign earnings, productivity, output growth or share of the national GDP are 
expressed quantitatively.  However, it should be noted that even when 
quantitative measurements  are being used to characterize a criterion,  it may 
own its unit of  measurement, and thus it may be impossible to describe  all the 
data in a unique unit of measurement.  
 
In dealing with various quantitative units of measurement involved in  decision 
making, fuzzification of the existing data will provide a great advantage for the 
purpose of information processing and thus facilitate the arrival at  plausible 
results. Conversion into fuzzy data is  the necessary condition if  further 
information processing is  to result in a  global evaluation about the available 
alternatives. The application of fuzzy set theory will provide a useful tool for  
dealing with such cases, in particular for structuring and describing decision 
situations which differ from each other only vaguely, an  ability that is 
characteristic of  human beings.  
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The decision maker may be not interested in justifying a decision situation with 
a precise numerical threshold and in many decision problems. Application of 
fuzzy set theory enables the gradual evaluation of the criteria’s performances, in 
which the border between different categories is not sharply defined, but defined 
as a membership function. Moreover,  the quality of  a decision  may not 
determined by the precision in measuring a single criterion, but rather by the 
evaluation of different criteria simultaneously. For the sake of information 
processing, the fuzzification of input variables is required to facilitate the 
processing of the complex information into an aggregated indicator associated 
with the  ultimate goal. In dealing with quantitative measurements  involved in 
the evaluation process, the crisp value corresponding to each criterion needs to 
be transformed into fuzzy form by the specification of  its membership 
functions. A fuzzification function is introduced for each variable  to express the 
measurement uncertainty of input variables, as  a more realistic approximation 
of the  respective numerical values.  
 
The fuzzy MADM approach is characterized by the fuzzification of all the  input 
data to facilitate information processing through a rule base system and fuzzy 
inference.  It is often argued that this approach is more appropriate for use,  in 
particular when the evaluation process is constrained by the inability or 
unwillingness  of the decision maker to express the evaluation value crisply.  
Therefore, the use of linguistic terms to express the performance or the relative 
importance of  criteria provides a powerful tool for  representing the vagueness 
involved in the decision. For example, instead of describing the degree  of  
forward linkage as an exact value of 1.5,   the decision maker may  just say that  
the performance of the respective  criterion is very high.  This kind of 
description is certainly vague and less specific, but still enables the processing 
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of complex  information that is often used in many managerial decisions in 
everyday life.  
 
One of the most important stages in the fuzzification of  measurement variables 
is to determine the type of membership function as well as the number of 
linguistic terms being used.  There is no general membership function that 
applies for all quantitative measures, but  the application of a particular  type of 
membership function is often judged  by the experience of a decision maker or 
may be even based  exclusively on his or her  subjective preferences. There 
should be a monotonic relationship between a criterion and its value, so that the 
degree of satisfaction is better if the value of a criterion is  higher or lower. 
However, the linguistic  terms used to represent the assessment value may be 
context- dependent.  For example, to express the measurement of a particular 
sector with regard to the  total GDP, the linguistic terms “very small”, “small”, 
“moderate”, “large”, “very large” are used.  On the  other hand, the linguistic 
terms “high decrease”, “small decrease”, “moderate”, “small increase”, “high 
increase” may be used to express the measured value of the growth rate of a 
particular sector. 
 
Although it has been recognized that the choice of the appropriate membership 
function will have an influence on the quality of the decision, in most cases 
however,  the type of the membership function used for a  fuzzy MADM 
problem is assumed as given. Commonly, these fuzzy sets take the  form of  
fuzzy numbers representing   the associated linguistic labels, such as in the form 
of a bell-shaped, triangular or trapezoidal  fuzzy number. The use of  a triangular 
membership function is appropriate under the condition that the fuzzified 
criterion  has only one maximum value.  Similarly, the trapezoidal membership 
function  is regarded suitable for representing  the measurement  of  a criterion 
 206
expressed in the interval scale, indicating that the corresponding linguistic term 
may contain  more that one maximum value. Concerning this issue, 
Rommelfanger [Rommelfanger, 1994, p. 156]  suggested that for non- technical 
applications, the bell-shaped membership function may be more appropriated for 
use. The reason for suggesting this type of  membership function is due to its 
being  based on the  utility theory and normal distribution.  
 
The number  of linguistic terms being used is also important for consideration, 
due to the variability of the subjective preferences and limited ability of human 
beings to differentiate between measurement units.  Too many linguistic terms 
will trigger off problems, particularly those encountered in defining the 
coverage of each term  and in differentiating the performance of criteria. On the 
contrary, the use of a small number of linguistic terms will raise  the question of  
whether the linguistic terms used can represent the actual decision situation, 
whereby the applicability will certainly be limited.  It is suggested that the 
number of  linguistic terms should be  between five to nine, due to the fact that a 
human being’s  short term memory can only compute up to seven symbols at a 
time [Miller, 1956, pp. 81-97]. Moreover, odd linguistic terms may be used to 
indicate that most linguistic terms are defined symmetrically, where one term 
describes a middle way, representing  the average value between the extremes. 
 
The fuzzification process is required to convert  crisp data into fuzzy data, 
mostly in the form of linguistic terms,  by specifying the corresponding 
membership functions in the universe of discourse. The horizontal  axis 
represents the base variable, in which the numerical value can be grouped into 
different  corresponding linguistic variables.  The degree to which a numerical 
value belongs to a particular linguistic variable is represented by  the vertical 
axis, which commonly takes the value in the interval of [0,1].  The interpretation 
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of the degree of membership is straightforward: that membership value, µi, gives 
the degree to which a numerical value i satisfies the linguistic concept of a 
linguistic term, with 0 referring  to the lowest (no) satisfaction and 1 to  full 
satisfaction. This measurement  provides us with  the possibility  to describe  
how the performance of each criterion can be described linguistically, which is 
very similar to  the way human beings evaluate numerical values. It should be 
noted, however,  that an interval of numerical values may be attributed to the 
same linguistic term, but it might have   a different degree of membership 
function.  
 
6.1.4 Aggregation of Criteria with a Fuzzy Rule Base Inference System 
 
In a  decision making process involving multiple criteria, the potential 
alternatives are assessed through the  evaluation of different criteria representing 
their  performances and indicating the level of achievement for  satisfying the 
intended goals. Accordingly, the degree of conformity of an alternative in 
satisfying the ultimate goal cannot be judged only  on the basis of  a single 
criterion, but is determined by a number of relevant criteria simultaneously. To 
arrive at the final judgement on the alternatives, the existing information should 
be aggregated to form a condensed indicator referring to the degree to which  it 
satisfies the global objective. From the point of view of information processing, 
the aggregation process is becoming one of the most important stages in solving 
a multi-criteria decision-making problem, in which all the  relevant criteria are 
considered according to their degree of importance.  
 
The basic idea of aggregation operation is to bring the information available in a 
large number of basic indicators or criteria into a single aggregated indicator. 
The aggregation process reduces the original multi-criteria problem into a mono 
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criterion problem [Guo, Tanaka and Inuiguchi, 2000, p. 573] and facilitates the 
overall judgement  about the available alternatives.  The method of aggregation 
can take  many forms, but it generally  depends on the decision situation and the 
preference of the  decision maker. The crucial  point in the aggregation process 
is to get  empirically reliable and valid combination operators which, 
unfortunately, until recently was still one of the most serious problems.  In 
general, the main justification for  using them  is that they deliver a sufficiently 
close approximation  of an intended meaning of some concept of  combination.   
 
In assessing the contribution of each indicator or attribute leading to key criteria, 
the most simple and direct way is by evaluating the basic indicator if it directly 
determines the key criteria. However, different weight factors embodied in each 
criterion indicating its importance in the decision process will affect the 
aggregation results, and thus should be carefully considered during  the 
aggregation process.  While key sector identification involves the evaluation of 
attributes at different hierarchical levels, it is necessary to aggregate these basic 
criteria in order to arrive  at a judgement into a single parameter denoting the 
key sector indicator.  
 
One of the basic elements for the processing of fuzzy information is the 
employment of a  fuzzy rule base inference system, comprising  production rules 
so that its structure is similar to a decision support system. The information 
processing is generally expressed  by a fuzzy rule base system, comprising  two 
main components, namely IF portions of the statements, referred to as 
antecedents or premise aggregation, and  THEN portions referring to the 
consequent or aggregation results [Turunen and Järveläinen, 1984, pp. 11ff.], 
[Von Altrock, 1997,  pp. 341-359]. This collection of fuzzy rules, in which all 
variables are linguistically represented,  characterizes the behavior  of the 
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system in  a linguistic form that can also  be associated with human thought. The 
premise aggregation consists of a combination of  all the input variables into a 
rule to formulate  the degree to which the rule is considered appropriate for the 
given situation. These formulations  are accounted to the most- used method in  
formal knowledge representation, and this method  is becoming interesting, due 
to  its suitability, not only for experts, but also for ordinary people without a 
well-founded background in decision making.  The rules of a fuzzy logic system 
are processed  through a fuzzy rule base system,  referring to  cause and effect 
statements of a decision making process involving linguistic variables  that link 
the input variables to  output variable. It  combines facts and rules about the 
definition and identification of  the key sectors of  an economy, usually  by  
applying a rule-based approach to get a  finite set of desired sectors.  
 
It is possible to develop an algorithm which evaluates the fuzzy value (B) of the 
dependent variable y for a given fuzzy value (A) of the independent variable x 
when the relationship  between x and y is defined by a set of conditional 
statements.  The formulae needed for this algorithm are first presented for the 
simple case where only one conditional statement is available. 
 
Consider the following simple fuzzy conditional statement:  
 
IF X is A THEN Y is B 
 
Where A is a fuzzy set on universe UA and B is a fuzzy set in universe UB. 
 
Suppose that the fuzzy set A represents a certain value of an independent 
variable x and B represents a value of a dependent variable y, the relationship  
between x and y can be defined by a set of conditional statements such as  on the 
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above statement.  This definition is analogous to the definition of a non-fuzzy 
function f  by a table of pairs (x, f(x)) where x is a value of the argument of f and 
f(x) is the value of the function [Turunen and Järveläinen, 1984, p. 11]. 
 
The conditional statement can be represented by a fuzzy set Z of Cartesian 
product UA x UB B with the following definition: 
 
mz(x,y)  = min [mA(x), mB(y)], for every x ∈ UA  and  y ∈ UB 
Then, the grade of membership of the fuzzy value B' is given by: 
 
mB’(y) = max  {min [mA`(x), mz(x,y)]}                       
                 x ∈ UA  
 
The fuzzy relationship between the variables is defined by conditional 
statements or by acceptability statements.  The criteria involved in the decision 
are the independent variables of the model and the final rating or the 
acceptability of the alternatives is the dependent one. If there are several 
independent variables involved, the general form of the fuzzy rule base system 
in the case of multi-input–single-output systems (MISO) is described by: 
 
IF X1 is A1 and X2 is A2,…,  and Xm is Am THEN Y is BL 
 
where (IF X1 is A1 and X2 is A2,…,  and Xm is Am) are the preconditions and Y is 
BL refers to the post-conditions, X1, X2 and Xm are input variables, Y is the 
output variable.  A1 is the class defined on X1, Am is the class defined on Xm, 
and BL is class defined on Y. The antecedent or rule premise describes to what 
degree the rule applies, while the conclusion assigns a membership function to 
the output variable.  
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The following figure will provide  a  better illustration about a fuzzy rule base 
system, which consists of two premises, net trade ratio and productivity 
connected by an aggregation operator  to build a conclusion about 
competitiveness.  The terms  “high” and “very high” indicate the performance of 
the corresponding  variable, expressed linguistically.  
 
 
 
 
 
 
 
 
 
 
 
            Input variable                               Output  variable 
 
 
 
 
 
 
 
   
  
 
 Premise   Logical operator     Conclusion 
 
IF  Net trade ratio is positive  AND  Productivity is very high    THEN  Competitiveness  is very high
 
Figure 6-3: The formulation of a fuzzy rule base system 
 
In the case of a fuzzy rule base system involving a large number of  
combinations of input variables, it  is easier if it is expressed in  matrix form. By 
describing in matrix form, all possible combinations  could be presented in 
tabular form, which also  certainly  provides some advantages, particularly  for 
achieving  completeness and the possibility of modification. For instance, if 
each input variable contains five different linguistic terms, a fuzzy rule base 
system  composed of two inputs will result in 25 different possible outputs.  
 
Table 6-1 describes some rule bases among  the possible combination of inputs. 
It might occur that different input combinations result in the same linguistic 
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conclusion, that from the point of view of  a decision maker, however,  may 
contain different degree of validity.  In dealing with such a  case, different 
values of the degree of support (DOS) can be assigned to weight the  validity of 
the statements being formulated.  
 
Table 6-1:  Fuzzy rule base system in matrix form 
 
IF THEN No. 
Net trade ratio Productivity DOS Competitiveness 
1. Very negative Very low 1.00 Very low 
2. Very negative Low 0.90 Very low 
3. Very negative Medium 1.00 Low 
4. Very negative High 0.95 Low 
5. Very negative Very high 0.75 Medium 
..     
13 Zero  Medium  1.00 Medium 
..     
21. Very high Very low 0.85 Medium 
22. Very high Low 0.80 Medium 
23. Very high Medium 1.00 High 
24. Very high High 1.00 Very high 
25. Very high Very high 1.00 Very high 
 
 
The degree of support, which takes a value of  between zero to one,  is used to 
weight  the corresponding statements indicating the degree of validity of the 
rule. If the degree of support takes a value of 1, it means that the  corresponding 
rule is valid without restriction. On the contrary, the value of 0 reflects the full 
invalidity of the respective rule.  Any rule with non-zero degree of support will 
be taken into account. In a case where  some rules lead to a particular conclusion 
about a  different degree of conformity, the maximum of the respective  degrees 
of membership weighted  by the degree of support will determine the final 
result. The assignment of degrees of support  to each rule becomes the essential 
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task before the aggregation of these criteria can be carried out. By providing the 
weight of the rule in such a way,   the original meaning behind  the evaluation 
can be expressed  much more accurately and can conform to human behavior  in 
describing  most decision situations. 
 
The aggregation process is one of the most important stages in  decision making 
involving multiple criteria in which all the relevant criteria should be assessed to 
result in the most plausible conclusion. In general, the process of aggregation is 
accomplished with the help of  suitable aggregation operators. However, it is 
very difficult to arrive at the appropriate aggregation operator because of the 
context dependency and subjectivity involved both in  the meanings of  the 
linguistic terms and in the  operation on linguistic terms as well. The choice of 
an appropriate aggregation operator is highly  crucial, in particular when it is 
also intended to reflect the process  of human decision making, in bringing  the 
information contained in different criteria into one aggregated criterion  which 
represents  the total information [Beliakov, Warren, 2001, pp. 773-774]; 
[Dubois, Didier and Prade, 1984, p. 233]. The most important condition is that 
the aggregation operator should able to produce  reasonable and  acceptable 
results in which  the descriptive and normative considerations are properly 
balanced. 
 
An ideal alternative is one that can fully satisfy all the desired characteristics, in 
which the positive attributes are  to be maximized and the negative attributes to 
be minimized. Unfortunately,  in most real-life decision situations,  not all the 
demanded  requirements can be satisfied simultaneously due to the existence of 
potential conflicts between different goals. To arrive at an optimal and rational 
solution, it is crucial to aggregate all the involved criteria into a single indicator 
by considering  human behavior, including the possibility of  trade-off between 
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criteria. Apparently,  compensation becomes the necessary condition for the 
existence of trade-off, in which  an inferior performance with respect to one 
criterion can be compensated  by a favorable performance with respect to one or 
more other criteria [Mandic, Mamdani, 1984, p. 290]. The taking of a  
compromise approach allowing trade-off, therefore, is believed  to be able to  
solve the possible conflict between goals.  
 
Trade-off becomes harder when one has to  compare widely disparate criteria, 
due to the fact that each objective has its own basis of comparison, from a 
precise number, to relationships or even descriptive terms. Making a wise trade-
off is one of the most important steps in multi-criteria decision making, due to 
its offering a better potential for arriving at a compromise solution among 
conflicting development goals. This situation might become more complicated 
in many real-life decision problems, while the decision maker is intuitively not 
capable of comparing and aggregating different criteria described in different 
units of measurement simultaneously. The performances of aggregated criteria 
are expressed linguistically and cannot be justified only on the basis of a  single 
criterion, and therefore, this kind of decision situation is generally characterized 
by the search for an acceptable compromise solution [Munda, Nijkamp and 
Rietveld, 1995, p. 79].  
 
From the existing aggregation operators, there is no general type of connective  
that can be considered  the best in carrying out the aggregation process, because 
it  depends more on  the decision situation and the behavior of the decision 
maker. In many applications, the aggregation of different independent criteria is 
represented by a kind of generalized  compensatory operator, but it becomes 
more complex as the number of criteria to be considered increases. If the degree 
of compensation takes the value 0, it reflects that  there is no trade-off  being 
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taken into account, and  accordingly, the logical AND represented  by min or 
product operator may be used. On the other hand, the value of 1 indicates that 
the decision maker is ready to make full compensation between criteria and, 
thus, the logical operator OR represented by max operator my be used. In real-
life decision making, however,  the decision maker is generally ready to make a 
compensation between different criteria in which  the degree of compensation 
may take  any value in the interval of [0,1] to result in the aggregated value 
between those two extremes. The proposed fuzzy multi- attribute decision 
method is designed to allow the accomplishment of those above requirements.  
 
6.1.5 Defuzzification Process 
 
The result of fuzzy inference about the global performance of  the alternatives is 
described linguistically, which will certainly cause  problems in the ranking 
process. To deal with linguistic variables resulting from the fuzzy inference 
process, a defuzzification process is required to aim at   results in crisp values. 
Based on this consideration, the linguistic output  resulting  from the 
aggregation process should be converted into the  numerical value which best 
represents the corresponding linguistic term by applying an appropriate  
conversion method. The accomplishment of the defuzzification process will 
reduce the difficulty in comparisons  between linguistic output resulting from 
the aggregation process and thus make the final ranking of  all the  alternatives 
easier.  
 
Since the application of fuzzy set theory in the  process of decision making is 
aimed at mimicking the  human decision and evaluation processes, the 
defuzzification methods used should be able to adapt to this requirement. 
Regarding this issue, the understanding of the linguistic meanings underlying 
 216
the defuzzification process is very important in the determination of the 
appropriate defuzzification method.  In general, most defuzzification methods 
use a two-step approach, consisting of computing a typical value for each term 
in the linguistic variable followed by the search for the best compromise result 
through balancing out the defuzzification results [Von Altrock, 1997, pp. 44–
45]. The most common approach for computing the typical value of each 
linguistic term is to find the maximum of the respective membership function.  
Moreover, if the membership function has a maximizing interval, the median of 
the maximizing set is chosen. To achieve  a compromising result, the degree of 
membership is generally used as a weight in balancing the result. The inference 
system will combine all the defined rules, facts and  all inputs into a conclusion 
expressed in linguistic terms that, further, can be fuzzified into a numerical, 
commonly normalized, value in the range of Inf (Y)= 0 and Sup(Y)= 1. A low 
value represents a low degree in satisfying the aggregated criterion and a high 
value represents a high degree of satisfaction for the aggregated indicator.  
 
A number of defuzzification methods for transforming fuzzy linguistic ratings 
into  fuzzy numeric rating are available, but they may lead to different results 
even when applied to the same problem.  Therefore, the suitable defuzzification 
method should be chosen, aimed at producing plausible results according to  
expectations. The predominant defuzzification methods employed in a fuzzy 
system consist of the center of area method, the  center of maximum method 
[Kim and Park, 1990], [Tseng and  Klein, 1992],  the mean of maximum method 
[Liou and Wang, 1992, pp. 247-255]  and the left and right assigned scores of a 
fuzzy number [Chen and und Hwang, 1992], which in general can be described 
as follows:  
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6.1.5.1 Center of Area Method  
 
The center of area method, sometimes called also as center of gravity or centroid 
method transforms fuzzy numbers into crisp ratings using the center of area of 
the membership function.  The defuzzified value  dCA(C) is defined as the value  
within the range of variables v for which the area under graph of membership 
function C is divided into two equal sub-areas and gives  the  compromising 
value [Von Altrock, 1997, p.360].  Assuming  that fuzzy numbers are normal 
and convex, the area center method is given by the following formula:  
 
C 
∫ C(x) xdx
-C
 
 
 
 
dCA(C) = C 
∫ C(x) dx 
-C
 
 
In the case where the membership function C is defined   on a finite  universal 
set  {x1, x2 , …, xn}, the defuzzified value is given by the formula: 
 
n 
∑ C(xk) xk 
k=1
 
 
 
 
dCA(C) =  n 
∑ C(xk)  
k=1
 
 
 
The disadvantage of the center of area method is that it requires a high 
computational effort due to the numerical integration and  may produce 
implausible results under some conditions [Von Altrock, 1997, pp. 360-361].  
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Figure 6-4:  Center of area defuzzification method 
 
 
6.1.5.2 Center of Maximum Method  
 
The defuzzified value based on the center of maximum method  is defined as  
the average of the smallest value and the largest value v of the membership 
function for which C(z) is the height, h(C) of C.  
 
 
 
               1 
 
max value  
 
min value  
 
                                                                                                                     X  
            
Figure 6-5: Center of maximum defuzzification method 
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Mathematically, it can be described as: 
 
dCA(C)  =  (inf M  +  sup M) /2 
Where:  
M = {z ∈ [-c,c] |C(z) = h(C)} 
 
 
For the discrete case, the defuzzified value is obtained  through the following 
formula: 
dCA(C)  =  (min{zk | zk ∈ M}  + max{zk | zk ∈ M})/2 
 
Where:  
M = {zk |C(zk) = h(C)} 
 
6.1.5.3 Mean of Maximum Method 
 
In general, the mean of maximum defuzzification method is defined only for a 
discrete case, in which the defuzzified value, dMM(C),  takes the average of all 
the values in the crisp set M. 
 
 
 
 
                        µi      
 
 
     
                                                                                                     X 
 
Figure 6-6:  Mean of maximum defuzzification method 
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∑ zk  
zk ∈ M  
 
 
dMM(C) = |M| 
 
 
In the continuous case,  the defuzzified value dMM(C), may be defined as a 
weighted average of mean values of the intervals, in which the weight  is 
interpreted  as the relative length of the intervals. 
 
Table 6-2: Comparison  of some defuzzification methods 
 
Criteria Center of Area Center of 
Maximum 
Mean of Maximum 
Linguistic 
characteristics 
Best 
compromise 
Best compromise Most plausible 
solution 
Fit with 
intuition 
Implausible with 
varying MBF 
shapes and 
strong overlap of  
MBFs 
Good Good 
Continuity Yes Yes No 
Computational 
efficiency 
Very low High Very high 
Application Control, decision 
support, data 
analysis 
Decision support, 
data analysis, 
control 
Pattern recognition, 
decision support, 
data analysis, control
 Source: Von Altrock, 1997, p. 363.  
 
Reviewing the existing defuzzification methods, [Von Altrock, 1997, pp. 362-
363] advocated  that a suitable defuzzification method should be context-
dependent. Comparing three different defuzzification methods, he  concluded 
that, in general,  the center of maximum method is more suitable for the 
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application in quantitative decisions,  such as budget allocation, creditworthiness 
or project  prioritization. On the  other hand, for qualitative decisions, such as 
credit card fraud decisions, customer segmentation or pattern recognition,  the 
application of  the mean of maximum method may be more appropriate.  
 
 
6.1.6 Ranking of Alternatives  
 
The results of the aggregation of a fuzzy rule-base inference system are 
expressed linguistically and, thus, it is  still difficult for a decision maker to 
carry out the ranking of the available alternatives. Moreover, some fuzzy rules 
may yield  the same inference results despite  the input values being different. 
Confronted with this  kind of situation, the ranking of the available alternatives 
becomes more complicated,  in particular if the decision maker compares  
alternatives whose performances are only slightly different. The defuzzification 
process of the aggregated criteria will result in crisp values  and this is certainly  
very useful in helping the decision maker to judge the global  performance of 
each alternative.  
 
As all aggregated indicators corresponding to each alternative have been 
defuzzified, the ranking of the existing alternative will pose no  significant 
problem. The crisp number resulting from the aggregation process can be used 
as a basis for  ranking    the available  alternatives. The numerical values of the 
variables, which are used in this calculation,  are 1.0 for the best or full 
satisfaction and 0.0 for the worst or full dissatisfaction of  the respective  
linguistic values. Through ordering the defuzzified values of global evaluation 
in descending order, the ranking of  all the alternatives can be obtained. The best 
among all the  available options  then refers to the alternative having the highest 
value of aggregated criteria. 
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7  THE APPLICATION OF A DEVELOPED APPROACH FOR THE 
    IDENTIFICATION OF THE KEY SECTORS OF AN ECONOMY:  
    THE CASE OF INDONESIA 
 
7.1 An Overview of the Indonesian Economy 
 
7.1.1 General 
 
Indonesia is the biggest country in the Southeast Asia region in terms  of 
geographical size and population. The country has an area of 1,919 thousand 
square km, and claims territorial waters of nearly four times that size.  This 
country comprises 13,677 islands, stretching 5,100 km from east to west and 
1,888 km from north to south. It is bordered by Malaysia, the  Philippines and 
Brunei to the north, Papua New Guinea and East Timor to the east and  Australia  
to the south. With the population estimated  at  206 million in 2000, Indonesia is 
the fourth most populous country in the world and the third most populous 
developing country after China and India. The population grew by 2.31 per cent 
per year during 1971-1980 and by 1.98 per cent per year during 1981-1990 and   
decreased by 1.49 percent during 1991 -  2000. [BPS, 2002].  Almost 60 per cent 
of the population is concentrated on one island, Java, which accounts for only 7 
per cent of Indonesia's area. 
 
The first attempt of Indonesia towards national economic rehabilitation since 
gaining independence on August 17, 1945 occurred in late 1956 and was 
embodied in the form of  the Five-Year Development Plan of 1956 – 1960.   A 
second attempt -  the Eight-Year Development Plan of 1961-1968 followed on.  
These two plans, however, were never put into effect as operating plans, due to 
some political problems. In general, the overall economic and political climates 
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during the fifties were poor, strongly inward-looking, uncertain and things grew 
increasingly worse for the private sector after the nationalization and takeover of 
foreign enterprises. 
 
The New Order government of President  Soeharto, generally dating from March 
1966, reversed the political and economic priorities of the previous regime. A 
wide range of economic measures was introduced primarily aimed at the 
stabilization and rehabilitation of  Indonesia's economy. The measures included a 
substantial liberalization of controls and regulations, in  particular those  
governing foreign exchange and prices, and also included opening up for  foreign 
investment. The First  Five-Year Development Plan of the New Order 
administration, was introduced in 1969 to aid recovery from a long  period of 
economic stagnation. This was  then  followed by a similar development plan 
enacted regularly each five years until the fall of the New Order  government  in 
May 1998.  
 
After  the New Order government took power, Indonesia  enjoyed robust, 
sustained and rapid economic growth over three decades, which contributed to 
the high level of investment, employment generation, rising income, increasing 
productivity and to reducing poverty. At the same time, the Indonesian economy 
underwent  a massive transformation, as characterized by a dramatic decline in 
the relative importance of primary sectors, in particular agriculture, and a 
continuous, rapid growth in the non-agricultural sectors, as experienced in the 
manufacturing and service sectors.  
 
Between 1970 and 1980, the GDP increased by an average rate of 8.1percent per 
annum, higher than  the rates recorded in most other developing countries during 
the same period [BPS, 1985, 1990, 1995].  In the period of 1980-90 the annual 
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average GDP slowed down by 6.1 percent, due to falling world oil markets but it 
went up by 7.6 percent in the first half of the 1990s [Hill, 1996, pp. 15-17]. In 
the course of rapid economic growth, the economic structure  changed 
significantly, whereby the high growth rate for production was accompanied by 
substantial changes in the structure of the contribution of the sectoral share to 
the GDP. The structural changes experienced by the Indonesian economy from 
1971 to 2000 showed a  clear picture regarding a  decreasing of the role of the 
primary sectors and an increasing of  the share of the secondary and tertiary 
sectors. The information about the structural changes of the economy is 
analytically very useful for planning and directing the further path of the 
country’s development. 
 
At the early stage of development of the New Order government, the 
agricultural sectors  played an important role in the country’s  economic 
progress with agricultural commodity exports leading the way. Since the mid 
1980s, their  role has been taken over by the manufacturing sectors, which then 
became the main contributor  in terms of the GDP and foreign exchanges.  
Steady changes in the economic structure, from the agricultural sectors to the 
industrial sectors, can clearly be observed in  historical national-level data. The 
most noticeable development was the marked decline in the share of agriculture, 
which  dropped from 54 percent in 1960 to 44.0 percent in 1971 and only 
accounted for 16.92 percent in 2000. In the same period, the share of the 
manufacturing sectors has increased  threefold, from 8.8 in 1971 to 26.64 
percent in 2000 [Poot, Kuyvenhoven and Jansen, 2000]. Most other sectors 
outside agriculture increased their share of the GDP as well.  
 
The agricultural sectors, previously dominated by rice, have steadily declined 
in importance while the production of other food crops and many estate crops 
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has become significant. The industrial sectors have also shifted gradually from 
being resource-based towards a combination of resource-based and labor-
intensive manufactures. The shift has also been accompanied by a growing 
outward-looking strategy leading to the spectacular growth of manufactured 
exports. The historical data show clearly that a rapid structural change has 
taken place in the Indonesian economy in the last decade,  mainly driven by 
the changes in the agricultural and manufacturing sectors. The role of the 
primary sector was reduced, and on the  other hand, the share of the secondary 
sector as well as tertiary sector of the  national output was increased. The 
principal growth engine responsible for the rapid change was the 
manufacturing sectors, whose performance has been the main reason behind 
the high growth of the industrial sectors. 
 
Table 7-1:  Structural change of Indonesia’s economy, 1971 –2000 
 
Share of GDP (%) Share of Employment (%) Sector 
1971 1980 1990 1995 2000 1971 1980 1990 1995 2000 
Agriculture 44.00 30.70 14.44 12.24 16.92 65.90 56.30 52.51 47.03 45.14
Mining 9.90 9.30 7.77 4.79 12.91 0.20 0.80 0.94 0.95 0.51
Manufacturing 8.80 15.30 33.41 35.73 26.04   7.80   9.10 10.81 12.78 12.98
Construction 3.00 4.80 10.56 10.43 7.14 2.00 3.20 3.87 4.32 3.94
Commerce 16.70 17.00 8.36 8.00 15.19 11.20 13.60 13.35 15.05 20.49
Other services 17.40 22.50 25.46 28.81 21.8 12.90 17.00 18.53 19.00 16.94
Source: BPS, 1990; 1994a; 1995;  1996; 1998a; 2001. 
 
The corresponding structural changes in the Indonesian economy have certainly 
led to changes in the sectoral distribution, with the most dramatic figures being 
those of the  agricultural and industrial sectors, both in terms of production 
growth and sources of employment generation. Although the declining 
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economic importance of agriculture, as measured by its share of the GDP, has 
been conclusively shown, it does not, however, necessarily  mean that the 
importance of agriculture as a major source of employment for the working 
population has  also vanished.  For example, the proportion of agricultural 
employment was 65.90 percent in 1971 and had only gone down to 45.14 
percent in 2000. The rate of growth of employment in agriculture had fallen  
from four percent per annum during 1980-85 to less than one percent by 1985-
90 and around two percent by 1990-95. The decline of agriculture’s share in 
employment has been compensated by an increase in the share of industry in 
total employment, from 7.8 percent in 1971 to 12.98 percent in 2000, caused 
mainly by the increase in the share of employment in the manufacturing sectors. 
During this period, the services sector continued to account for roughly a third 
of all employment.  
 
As labor demand grew in the industrial and services sectors, most of the labor 
force  were reallocated from low-productivity agriculture to the higher-
productivity industrial and services sectors. As a result,  employment in the 
industrial sectors, led by the manufacturing sectors, grew from five percent in 
the first half of the 1980s to seven percent during the second half and slightly 
slowed down in the early 1990s. Employment in services had also grown rapidly 
during the oil-boom periods, due to increased government spending, but slowed 
down during the second half of the 1980s.  In the first half of the 1990s, 
employment in the service sectors increased  again to about five percent per 
annum during the early 1990s, which was particularly induced by the boom in 
the financial sector. Even with the rapid growth of employment in the modern 
sectors of  the economy, however, in terms of the absolute number, this provided 
only limited employment opportunities for the increasing new entrants into the 
labor market.  
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The growing economy is also accompanied by increasing productivity, mainly 
in the manufacturing and services sectors. Between 1980 and 1990, the labor 
productivity in the manufacturing and services sectors grew by 65 percent and 
by 42 percent respectively. While in the same period, labor productivity in the 
agricultural sectors  only grew slightly. In terms of relative value, agriculture is 
the sector with the lowest productivity per worker, followed by the services and 
industrial sectors.  In 1995, the labor productivity in the service and industrial 
sectors accounted for three and eight times higher than those in agriculture 
[BPS, 1998].  
 
Exports of goods and services have been the most important source of foreign 
exchange in Indonesia. Formerly, agricultural products were the most dominant 
export commodities until the end of the  1960s, accounting for 50 to 60 percent 
of the exports, and the manufactured exports were negligible: less than three 
percent of the total exports. The sharp increase of the oil price, coupled with the 
expansion of production in the early 1970s  changed the structure of export 
dramatically, in which  oil export contributed to 70 percent of export earnings. 
However, this situation did not last,  due to declining world oil prices since the 
early 1980s and the acceleration of manufacturing exports. In the subsequent 
periods, manufactured products then become the main source of foreign 
exchange, accounting  for more than 13.49 percent and 53.07 percent of the total 
exports in 1985 and in 1996 respectively [BPS,  1996, 1997].  
 
The rapid expansion of manufactured exports has been, to a large extent,  the 
result of an increase in local competitiveness, commodity composition and 
growth in demand for Indonesian products in overseas markets, boosted by the 
devaluation of the local currency.   Beginning in  the mid 1980s, Indonesia 
started to exploit its strong comparative advantage in low-skilled labor-intensive 
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manufactures, as the relative costs in the neighboring countries rose, due to the 
increase of real wages. This situation has led to  dramatic changes in the 
composition of Indonesian exports, in which the share of manufactured exports 
began to overtake that of traditional resource-based and agricultural exports.  
 
7.1. 2 The Problems of Economic Development in Indonesia 
 
Despite  the Indonesian economy at the national level showing  rapid economic 
growth over the past three decades, great disparity still exists in terms of the 
income levels of the population and the advance of development over regions.  
This disparity is very obvious, not only between Java and Outer Java, but also 
between urban and rural areas in the same region. The existence of large 
variations in the advance of development among the regions in Indonesia can be 
attributed to  past policy, in which the development and economic activities 
were heavily concentrated on the island of Java,  where around two-thirds of the 
Indonesia population live. It worth noting that Java, until recently, was the area 
where both major agricultural and industrialized sectors existed  together, 
providing the largest share of production of manufacturing and agricultural 
products in Indonesia. This situation is  still likely to continue to dominate 
Indonesian’s economic development in the near future, despite  national efforts 
to encourage decentralization aimed at spreading and balancing  development in 
other regions. 
 
The problem of unemployment has become one of the most critical issues to be 
solved in the country with a massive number of unemployed or underemployed 
people, both in rural as well as urban areas. Moreover, the existence of a 
dualistic production structure comprising  labor-intensive and capital-intensive 
sectors makes the unemployment problem more complicated. The creation of 
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productive employment opportunities, therefore, would play a crucial role in 
solving the chronic problem of unemployment and lack of a source of income 
for unemployed people. To deal with these conflicting situations, the 
government enacted a policy to enable the capital-intensive sectors to develop 
and at the same time to promote the labor-intensive sectors, which have been 
recognized as one of the traditional sources  of Indonesia’s  competitiveness.  
 
The number of people engaged in the agricultural and other primary sectors 
tends to decline as the employment opportunities in the secondary and tertiary 
sectors increase. The movement of agricultural workers into non-primary sectors 
will certainly provide an opportunity for accelerating the increase in labor 
productivity and income. Unfortunately, the number of new employment 
opportunities generated in these sectors is also limited by the rate of growth and 
employment elasticity of the respective sectors. The generation of new 
employment opportunities in the formal and modern sectors of the economy has  
remained slow until recently. This situation clearly provides a warning signal, 
that unless special attention is devoted to this,  the employment situation and its 
implications will get worse, particularly due to the accumulation of the backlog 
of open unemployment and new entrants of labor forces. 
 
The question whether the spectacular growth of production resulting in a better 
employment situation and more equal distribution of  the benefits of 
development has been addressed in many earlier works [Tjondronegoro, 
Soejono and Harjono, 1992, pp. 67-90]. Until recently, this problem has still 
been  one of the main issues of  development.  The present situation regarding  
unemployment, poverty and income distribution is not the result of development 
policies alone, but to some extent may be  caused by other external factors that 
tend to accentuate it. The implementation of  development policy in the past has 
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tended to favor large scale, productive, capital-intensive activities, for example, 
by providing fiscal incentives for imported capital. This policy resulted in a low 
employment generating capacity in the industrial sectors, and thus left  some 
people without skills still unemployed.   
 
Despite the fact that the government of Indonesia has worked very hard for 
many decades to alleviate poverty, it continues to be one of the most serious 
social problems in Indonesia. According to BPS measurements, more that 54 
million  people, which accounted  for 40.1 percent of the population, still lived 
below the  poverty line in 1976.  With  policies directed towards economic 
growth, the government of Indonesia has succeeded in raising the standard of 
living and reducing the poverty incidence to 17.4 percent or to 30 million in 
1987 [Tjondronegoro, Soejono and Harjono, 1992, p.74]. This achievement can 
be attributed to one of the  successes of the New Order  government in 
addressing  the problem.  Unfortunately, the economic crisis of 1997 caused a 
drastic decline in the standard of living and thus increased the number of people 
living under the poverty line to more than 40 million in 1998, back to the 
number at the end of the 1970s [Sudaryanto, 2001]. It is worth noting  that the 
crisis-induced poverty in Indonesia in recent times has mainly been caused  by a 
high inflation rate, accounting  for 70 percent of  cases, rather than due to 
unemployment. Although a  minimum wage has been set and increased almost 
annually by the central government, the level of income being set is far from 
enough for supporting  subsistence, which has certainly led to a higher poverty 
incidence, even for hard working people. Coupled with the fact that a large 
proportion of labor is employed in low-wage agriculture, it is no wonder that the 
majority of poor households are those who are engaged in the agricultural 
sectors. A high inflation rate has severely eroded the purchasing power of 
income, causing many people to be no longer able to afford their basic 
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necessities and pushing those who were already living close to the poverty line 
to a lower level. For example, in 1998, even with 16 percent higher nominal 
wages over the previous year, the real wage of workers has severely decreased, 
as indicated by an index of 61 in 1998 as compared to 100 in 1997 [BPS, 2001, 
p. 1].  
 
The government has recognized poverty as a fundamental national problem that 
must be solved immediately and it is thus to be a  main priority in the 
implementation of the national development program [Bappenas, 2000, pp. IV-
8ff.]. Due to the  complexity and multidimensional nature of poverty, poverty 
alleviation programs should be carried out in a comprehensive manner and in 
line with sectoral objectives, mainly through accelerating sustainable economic 
growth. Apparently, the attempt to alleviate poverty is closely related to the 
effort to empower people through the creation of new employment 
opportunities, which provides a source of income to their lives. In terms of 
income distribution there is encouraging development. As the economy moves 
towards a more organized and more formal production process, the distribution 
of personal income shows an increasing trend in the proportion of personal 
income coming from employment. This proportion increased from 28.7 per cent 
in 1990 to 30.5 per cent in 1995. For the same period, the proportion of income 
from property and entrepreneurship also increased, from 9.7 percent to 12.3 
percent [BPS, 1998].  Nevertheless, despite its decreasing trend, the share of 
income from unincorporated enterprises was still dominant until recently.  
 
7.1.3 The Planning of Economic Development in Indonesia  
 
The National Development Planning Agency (Bappenas) is the institution 
responsible for  national development planning in Indonesia. The main duty and 
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principal function of this agency is to formulate  national development plans for 
the long-, medium-, and short-terms and to coordinate the planning and 
evaluating of their  implementation. In addition to Bappenas at national level, 
there are provincial and district Bappedas, with their main task similar to that of 
Bappenas, but at provincial or district level. An increasing effort is being made 
to improve the quality of program and project preparation at the local level and 
to link local and provincial priorities more systematically to national priorities. 
Overall economic planning at national level is carried out by the agency in close 
cooperation with  key institutions, such as the Department of Finance, Bank of  
Indonesia and Ministry  for Economic Affairs. The important elements of 
economic planning consist of a one-year  annual development plan, which has 
been prepared every year since 1969, and for the medium term, five-year 
development programs, prepared periodically every 5 years. 
 
In preparing the five-year development plan, which provides the basic 
framework for policies over the medium term, the National Development 
Planning Agency takes the initial step of issuing preliminary guidelines for 
major policy targets and directions, accompanied by macro-economic 
projections during the planning period and beyond. Individual ministries then 
formulate their own sectoral plans in accordance with the guidelines, by deriving 
them into a more detailed plan. Even when  opportunities were granted to the 
business elite, academicians and  other related institutions to participate in the 
planning process, the evaluation and the monitoring of current policies, these 
opportunities  were, unfortunately,  rather formalistic. The major decision 
makers seem to have been those with power within the political and bureaucratic 
institutions, and among them Bappenas plays a crucial role in laying the 
foundation for the approval of the national development program.  
 
 234
To implement the medium-term plan, the government uses annual economic 
plans to translate the policy targets and strategies embodied in the five-year 
development plans as specific, sectoral and annual action programs. Every year, 
just before the budget cycle starts, Bappenas circulates the initial draft of the 
economic development plan to all related government ministries and agencies 
for their use in annual policy planning and budget estimation. This activity 
permits revisions in policy and the list of projects to be implemented in response 
to unforeseen changes in the domestic as well as international environment.   
The Bappenas’s annual budget guidelines are issued to the ministries and 
agencies immediately after circulation of the draft plan.  After approval of the 
government budget by the National Assembly, the Bappenas finalizes the 
economic plan, usually at the end of the current year or the beginning of the 
coming year. In the case of both the five-year and annual plans, the executives 
work closely with the National Assembly before the president finalizes major 
decisions.  
 
7.1.4 The Objectives and the Pursued Development Strategy  
 
As earlier described, the National Development Plan of the government of 
Indonesia was outlined by the State Policy Guidelines and implemented in 
stages through sequential five-year development plan, which then derived into 
the respective annual development program. The first national development 
planing of the New Order  government was directed towards finding solutions to  
the social and economic problems, which are crucial  for the survival of the 
nation. The development planning emphasized the following fundamental 
objectives: achieving sustained improvements in the standards of living and 
more equitable distribution of income, reduction of  poverty, achieving 
reasonable and sustainable rates of economic growth, the expanding of  
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employment opportunities and the  reinforcing of  regional development. The 
development will be constantly emphasized by the achievement of development 
trilogy comprising  economic growth, equitability and stability.  Accordingly, 
economic growth will be maintained at a high rate through increasing the quality 
of human resources, intensifying the development and application of appropriate 
technology to increase added value and competitiveness. Moreover, the 
development attempt to become more regionally distributed and the benefits of 
development should be distributed more equally among the population as a 
foundation for alleviating poverty and reducing potential tensions between 
social groups and regions.  The stability in terms of national security should be 
realized as a necessary condition for the accomplishment of  a sustained 
development program.  
 
In general, the results of the economic planning on the Indonesian economy 
seem to have been positive, as demonstrated by the sustained growth, the 
increase in the per capita income and in  export and a gradual improvement in 
the balance of payments. The mid 1990s were marked down as the beginning of 
a new period for development policies and planning in Indonesia, in which the 
Second Long Term Development Plan, covering the next 25 years, began. This 
period is emphasized as a take-off towards Indonesia becoming a more 
prosperous and self-reliant nation, including reaching the status of middle 
income and newly industrializing country.   
 
Considering the problems and challenges of the economic development, and in 
conformity with the State Policy Guidelines, it is necessary to set out clear 
priorities for economic development [Bappenas,  2000, pp. IV-6].  The short-
term development programs can be characterized by priority assignment for 
accelerating economic growth, poverty alleviation and solving the problems of 
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unemployment. Concurrent with the implementation of short-term programs, a 
five- year economic development program is implemented as the foundation for 
a sustainable economic development in the medium term. The government has 
also adopted a sustainable development approach by recognizing the need for 
considering economic, social and environmental issues simultaneously in the 
process of development.  
 
Since the early  1970s, the Government of Indonesia has pursued a sustained 
high economic growth strategy as the driving force to reduce poverty and, at the 
same time, has initiated several specific strategies to address the poverty and 
unemployment problems. This strategy was accomplished to support the 
agricultural sectors in becoming self-sufficient in food production and to invest 
substantial resources in the social infrastructure.  At the early stage of 
development, an import-substitution policy was carried out where  more 
attention was given to sectors that utilized domestic raw materials and to labor-
intensive activities.  There were some efforts to reduce the importation of 
intermediate goods after the  third five-year development plan.  This period was 
characterized by the shifting of industrialization and trade strategy from import 
substitution towards an outward-looking strategy through encouraging more 
exports particularly by providing special privileges for export-oriented activities.  
 
The weakness of planning for the development program in Indonesia might be 
attributed to the efforts in achieving all development goals in all sectors 
simultaneously, which may lead to  hard choices in the allocation of resources.  
However, with the constraints on the resources available for  development, the 
continuing implementation of the current development strategy seems 
inappropriate in realizing all the intended development goals [Thee, 1989, p. 
24]. The fast industrialization process in the past decades has, indeed,  favored 
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some sectors as indicated by increasing output and productivity in capital-
intensive sectors. Unfortunately, it still leaves some unresolved problems on 
unemployment, income distribution and disparities between sectors and regions. 
Considering these facts, it is unavoidable that the trade-off on resources 
allocation or sectoral prioritization should be taken into account during the 
planning for development programs in a continuously changing  internal as well 
as external environment.  It clearly requires a more appropriate development 
strategy, which is conceptionally and operationally sound.  The main 
consideration should be given to   the performance achievement between high 
economic growth and a more equally distribution of income.  It indicates that, to 
achieve a  fairer income distribution, the target for achieving high economic 
growth should be lowered to provide opportunity to expand for  the sector with 
higher distributional effects. 
 
7.2  Identification of the  Key Sectors of the Indonesian Economy 
 
7.2.1 Some Basic Considerations 
 
Since being introduced by Hirschman, the concept of linkage has attracted a 
growing interest from many researchers recognizing its contribution to the 
structural analysis and planning for the economic development of a country. 
Accordingly, different empirical methods have been developed to measure the 
degree of sectoral interdependence, mostly leading  to the identification of the 
key sectors of an  economy. However, in contrast with the growing interest in  
the concept of linkages as an approach in identifying key sectors, the associated 
empirical works seem to be unsatisfactory. It has been generally recognized that 
most conventional approaches have also left some historical problems due to 
suffering from some conceptual limitations that triggered  a series of 
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considerable debates. A more fundamental drawback is the complete absence of 
any explicit consideration of other relevant criteria associated with  sectoral 
performances, despite the fact that most of  the development programs are 
aiming at achieving those goals.  
 
Due to the difficulties and differences in interpreting key sectors as above-
average contributors to the economy, there seems to be  little consensus 
particularly concerning  the actual measurement of linkages and the ways in 
which key sectors should be identified [Cella, 1984,  p. 73].  The notion of key 
sectors, indeed, may be given a variety of interpretations and implies that the 
identified sectors might be somewhat different if they were not defined in a 
purely technological manner based on linkage indices, but with reference to 
development goals to be achieved. Obviously, what the most appropriate method 
for measuring linkages leading to the identification of the key sectors is, was 
until recently debatable, because  it depends on the intention in identifying the 
key sectors. This situation implies  that there is no generally accepted method 
and no dispute regarding the non-uniqueness of a key sector may be identified 
[Laumas, 1976  p. 767],  [Diamond, 1976, p. 763].  However, it should be noted 
that various existing methods have provided new ideas or inspiration for  
improvement, and therefore, the different existing methods should be considered 
as complementary ways in defining and identifying the key sectors of an 
economy.  
 
The economic development programs of developing countries are generally 
accomplished through the promotion of a combination of sectors for achieving  
multiple objectives.  Therefore, the selection  of those sectors to be promoted  
becomes one of the important parts of development planing. To realize the 
multiple objectives, appropriate priority needs to be assigned to each sector that 
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maximizes the global achievement of the even potentially conflicting objectives, 
for instance, between the achievement of employment generation and output 
growth as confirmed by some previous works [Alauddin, 1986, p. 428].  With 
the adoption of sustainable development as a development approach, criteria 
corresponding to economic, social and environmental aspects are absolutely to 
be considered in the planning for economic development. Accordingly, key 
sectors are expected to have also superior characteristics, such as rapidly 
growing, relatively efficient, employing more workers, providing better 
distribution of income, preserving the environment and being a  leading sector 
for regional development.  
 
Obviously, the adaptation of this new development approach becomes the 
necessary condition for the improvement of the existing methods in identifying 
the key sectors of the economy. Since key sector identification implies selection 
or ranking of sectors based on predetermined attributes associated with  sectoral 
performances, the most appropriate procedure is the application of a multi-
attribute decision making model. Accordingly, the identification of key sectors 
can be seen as a problem of selection or ranking of discrete sectors of the 
economy, involving multiple objectives, to provide the best overall 
performances. Unfortunately, the nature of  such decisions become more 
complex, not only due to the increasing number of attributes to be considered, 
but also due to the existence of qualitative or imprecise information as well as 
the hierarchical structure and conflicting goals.  
 
By definition, a  key sector should refer to the sector that satisfies the 
predetermined criteria according to the concept of sustainable development, 
which usually reflects the compromise between the constraints to be met and the 
goals to be achieved. Sustainable development is a normative development 
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concept and context-specific and, thus, this definition is still open in which the 
decision maker(s) can define subjectively according to the decision situation and 
their preferences. The adoption of the concept of sustainable development as a 
new development approach becomes one of the major challenges in the 
identification of key sectors, mainly concerning  the extension beyond the 
conventional objectives of focusing on output growth [Rauch, 1998, p. 32]. The 
changing perception of development approach towards sustainable development  
clearly underlines the need for integrating several aspects associated with the 
intended development goals in  decision making. Consequently, both in defining 
and identifying key sectors, it is no longer possible to deal exclusively with the 
linkage criteria aspects without taking into consideration other concerns relating 
to economic, social and environmental aspects.  
 
It seems plausible to extend the definition of key sectors within a  given 
economy more precisely to those that are  economically viable, technologically 
appropriate, socially acceptable and environmentally sustainable. Since the 
complexity of the definition is very high, there is a clear need for a more 
appropriate model offering a comprehensive and operational representation of a 
real-world environment system.  Referring to the hierarchical structure of the  
key sector identification problem, some  meso or sub criteria belonging to 
economic, social, environmental and linkage aspects are still hard to measure 
and therefore, need to be operationalized into being measurable at a  lower level. 
Concerning  the measurement of the criteria,  it is preferable if this is  to be 
represented on a cardinal scale, so that each criterion can be measured and 
described quantitatively. But, this should not bar the way to expressing other 
relevant criteria associated with  sectoral performances qualitatively or 
linguistically.  
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For instance, criteria denoting sectoral impact on regional development, the  
environment threat and resource degradation is very difficult if not impossible to 
measure quantitatively.  These criteria are much too complex  or almost 
impossible to be expressed quantitatively, and the qualitative measurement or 
linguistic approach may be more appropriate for representing  these criteria.  
The intention to use  qualitative measurements  is mainly motivated by the need  
for representing the whole  content of  the measurement, but still enables the  
carrying  out of information processing  using available data processing tools. 
Moreover, the  linguistic terms are often recognized as the most realistic and 
effective  way for the decision maker to express his or her judgement regarding 
a certain criterion.   
  
Referring to the problem of key sector identification, the major task to be done 
before further steps can be accomplished is to find what actually needs  to be 
realized through the identification of the key sectors of the economy. 
Apparently, the choice of suitable key sector criteria is still open, which might 
largely depend on the intended goals, the stage of economic growth, pursued 
development strategy and other country- specific conditions, such as resources 
endowment. The intended objectives can generally be used as a basis for the 
generation of strategic criteria required for the evaluation of each economic 
sector. Accordingly, to make the key sector concept operational, the strategic 
criteria corresponding to economic, social as well as environmental aspects must 
be derived from the intended development goals into measurable criteria.  The 
main aim is that the derived criteria or attributes can facilitate the assessment 
process, indicating that sectors under evaluation have a strategic meaning  
particularly according to the perspective of developing countries. It also brings 
the implication that if the development objectives or their priority were changed, 
new corresponding strategic criteria should  be generated and then evaluated in 
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the identification process. The development of this alternative method  is 
motivated by the need for a more appropriate approach that  can effectively deal 
with the problems encountered in defining and identifying key sector(s) of their 
economy faced by developing countries. More importantly, the developed 
method should resolve the limitations inherent in the existing methods, 
particularly in dealing with a changing perspective on development approach in 
the direction of sustainable development. 
 
In transforming the above general fuzzy MADM  method into a specific 
application with reference to the identification of the key sectors of an  
economy,  the  software fuzzyTECH3  for Business is used. FuzzyTECH 
provides  a simple, easy to understand procedure for the construction of a fuzzy-
MADM decision problem, leading to the solution of the corresponding problem.  
The basic requirement for the application of the software is that the decision  
hierarchy has been clearly defined, in particular the ultimate goal and the 
corresponding basic criteria involved in the decision. The subsequent 
procedures, such as the definition of each criterion, fuzzification of input 
variables, rule block inference system and defuzzification process can be carried 
out using the software.  The software is user friendly and also offers the 
possibility to link with some other standard software, that clearly provides more 
advantages in the application. The developed approach should serve as a 
decision aid for defining and identifying the key sectors of an economy in the 
case of Indonesia. A more detailed description of the alternative approaches will 
be fully described in the following sections. 
                                                 
3 FuzzyTech is a product of Inform GmbH, Germany.  For more detailed information see: 
Anonymous, fuzzyTECH for Business Release 5.0: User’s Manual.  Inform GmbH, Aachen 
1996.  
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7.2.2 Formulation and Description of the Key Sector Identification Problem 
 
It has been generally recognized that, due to the limitation of resources available 
for development,  it is  becoming almost impossible to promote all sectors 
equally. This situation  implies that a prioritization of sectors should be made  to 
allow optimal  allocation and  efficient use of the available resources. 
Concerning this issue, the  national development planning agency,  an institution 
which is  responsible for the national development planning, is often faced with 
the problems encountered in  selecting a subset of sectors assumed to be suitable 
for implementation in the development programs. Referring to the concept of  
sustainable development, the main problem to be solved is how to select the 
most suitable sector(s) to be promoted that are socially, environmentally 
acceptable and technologically and  economically feasible. In general, the 
evaluation and selection process are accompanied by some difficulties, mainly  
in dealing with multiple conflicting objectives and various measurements  of the 
performance of the criteria with respect to each alternative.  Some of the criteria 
can often only  be measured in incommensurable units, and thus it is  difficult to 
adapt to  the decision maker’s preferences effectively. The social aspects, such 
as income equality, welfare of the population and regional development or 
environmental issues, comprising resource degradation and environmental 
threat, are certainly recognized as important objectives in most development 
programs. However, despite  the recognition of their role as important decision 
criteria, until recently, these criteria were often omitted from direct 
consideration since they are difficult to measure quantitatively. Increasing 
complexity and demanded comprehensiveness in  the key sector identification 
problems  clearly underline the need for a more appropriate approach, 
particularly in dealing with the imprecision  involved in the criteria evaluation. 
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Recognizing the above issues, the process of the identification of the key sectors 
of an economy can be regarded as a  multiple attributes decision problem taking 
place in a fuzzy environment. The decision environment is characterized by the 
imprecision involved in the decision data, where some objectives or criteria 
associated with sectoral performances and their importance may be difficult to 
measure quantitatively using crisp values. Even using the approximation with 
conventional mathematics may be very difficult because the effects of these 
criteria may not be well known, but  still describable  qualitatively using 
linguistic terms. By employing the fuzzy MADM model, it is possible to 
overcome  these difficulties partly, without the need for  making an excessive 
simplification of the models including avoiding loss of information and prevents 
neglecting hard-to-measure objectives. The quality of decision in the  
determination of sectoral priority is a critical factor for the future development 
of the whole economy, mainly in the efforts to realize the intended development 
goals.  
 
One of the key conceptual problems faced by policy makers concerning  the 
existing key sector concept is the lack of quantitative models or procedures 
designed to facilitate a comprehensive evaluation involving economic, social, 
technological and ecological aspects. As previously described, the problem of 
key sector identification is very complex and involves a number of criteria and 
multiple conflicting objectives, where,  in some cases, the information may be 
ill-defined, subjective and hierarchical in nature. Based on these considerations, 
the application of fuzzy set theory in the decision making process seems very 
suitable in providing an appropriate tool for dealing with qualitative 
measurements or the vagueness inherent in the measurement of criteria 
performance. Through the application of fuzzy set theory in the field of multi-
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attribute decision making,  this work expects  to provide a more suitable 
approach for the selection of sectors to be promoted in developing the economy.  
 
Multi-criteria decision making models have proven to be very effective in 
tackling problems containing crisp data, but unfortunately, they are generally 
inadequate for dealing with situations where imprecision and vagueness are 
present [Chen and Hwang, 1992, Yeh et.al. 2000, p. 460].  Clearly, the 
identification of the  key sectors of an economy is by no means simple, due to 
the inappropriateness of the existing MADM methods in dealing with this 
problem. Therefore, the strategic point of view may not lie in the exploitation of 
the conventional methods, but rather in the development of a more appropriate 
method to adapt to the increasing complexity concerning  the decision situation.  
 
The major contribution of this work is to introduce an alternative view on 
defining and identifying the key sectors of an economy. Instead of focussing 
only on the purely mechanical methods by quantifying linkage effects based on 
an input-output technique, this approach extends the coverage of the notion of 
key sectors beyond the narrow view of a linkage approach through  
consideration of other relevant criteria associated with  the sectoral 
performances. To deal with the imprecision or fuzziness involved in the decision 
data, the application of the fuzzy set theory in the field of multi-attribute 
decision making will facilitate  the information processing, leading to a more 
plausible solution. The approach is very useful and thus regarded as the 
appropriate tool for  dealing with the imprecision involved in the assessment of 
the performances and the importance of each criterion with respect to each 
alternative. The fuzzy MADM approach becomes a comprehensive approach 
that encapsulates the complex, ill-defined interacting criteria involved in  
decision making. This alternative method is supposed to provide a more reliable 
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and appropriate approach for  dealing with some basic problems encountered in 
defining and identifying the  key sectors of an economy,  thus leading to more 
practical utility and satisfactory results for policy decision making.  
 
The structural hierarchy, comprising  social, economic, technological and 
environmental aspects, which is  involved in the selection of sectors will be 
constructed  according to the hierarchical system of objectives. The hierarchy of 
concept contains several levels, each containing   some basic criteria that can be  
stepwise aggregated further into a higher level to result in the aggregated 
criterion indicating the degree to which an alternative satisfies the global goal. 
From the perspective of the fuzzy-MADM approach, key sector identification 
can be regarded as the problem of ranking  the existing economic sectors by 
taking into consideration all the relevant criteria associated with the 
development goals to be achieved. The central issue here is how to find a 
compromise solution expressed in a more realistic way and covering broader 
perspectives, that appropriately combines all the relevant criteria into a single 
aggregated criterion denoting the compatibility with a  key sector [Yager, 1991, 
p. 58].  
 
7.2.3 Construction of a decision model and description of  the relation 
between decision criteria  
 
This alternative approach extends the classic methods for key sector 
identification by allowing the adoption of a sustainable development concept 
into the model.  The extension beyond the classic approaches is considered as 
the basis for the improvement of the existing method in defining and identifying 
the key sectors of  an economy. In contrast to the use of classic linkage criteria 
 247
which was until recently employed, the new approach will consider other most 
relevant criteria relating to economic, social and environmental concerns. The 
main reason for the inclusion of these criteria is in the adaptation  to the shifting 
perception of development approach towards sustainable development, as has 
been recently adopted by most developing countries. However, the main classes 
of criteria corresponding to sectoral performance mentioned above, are only 
indicative and have to be operationalized for the purpose of key sector 
identification. But at least they can serve as the basis for the derivation of the 
relevant basic criteria that are very useful for the operationalization of the 
concept of key sector.  
 
In the case of the relevant criteria being identical with the intended goals to be 
realized, the derivation of the criteria will pose no any particular problem. In 
many cases, however, the criteria could not be directly determined and thus 
should be derived  through operationalization of the available goals embodied in 
the notion of key sectors of an economy. The derivation into measurable basic 
indicators from the available goals  should contain all the criteria that are 
considered to have the relevancy to the evaluation purposes. These requirements  
clearly indicate that in the process of planning for sustainable development, it is 
very difficult to arrive at a straightforward judgement and unambiguous choice 
of selected key sectors.   
  
The derivation process results in  a set of fourteen basic criteria associated with 
technological, economic, social and environmental aspects that  can be used 
further for  evaluation purposes. The technological aspect will provide an 
indication  of whether the technology employed for the production is 
appropriate, efficient and strengthens the economic structure, as  indicated by its 
backward and forward linkages. The economic aspects are  represented by the 
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share of the  GDP, the  growth rate of the GDP, foreign earnings, net trade ratio 
and productivity.  Employment coefficient, employment share, income 
distribution, income level and regional development together construct the social 
indicator. Finally, there is the  environmental dimension, indicating the 
sustainability of the respective sector expressed in terms of environmental threat 
and resources degradation. These basic indicators, embodied in the notion of key 
sectors, serve as a basis for the performance evaluation of each sector. However, 
the choice of the relevant criteria to be considered is still open. They may be  
country -specific and vary over time. The derived criteria would depend on 
many factors, such as the urgency of the problems or goals to be achieved, the 
availability of resources,  the development strategy to be pursued and, more 
importantly, the macro-economic environment, including the stage of a 
country’s development.  
 
7.2.3.1 Technological Aspects: Backward and Forward Linkages 
 
Although usually related to developed economies, the concept of linkage has 
been extensively used in developing countries where key sectors are considered 
suitable for selecting programs of national economic development. The level 
and direction of linkages are recognized as also having relevancy to the direction 
of technical change as well as to its spreading effects throughout the economy. 
Therefore, the choice of key sectors not only affects  the growth of relevant 
macro-economic magnitudes, but also the rate of technical change for the whole 
economy [Cella, 1984, p. 73]. The basic reason behind the consideration of 
linkage effects as criteria for key sectors is mainly driven by the suggestion of 
an unbalanced development strategy, as recommended by Hirschman. From this 
point of view, the promotion of a sector with a high degree of linkages is  
expected to provide advantages, mainly in providing growth stimuli, including 
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the  deepening and strengthening of  the structure of the economy.  Moreover, it 
is generally assumed that the promotion of a sector with a high degree of linkage 
will help in diversifying the economy, and thus reduce the risk of only 
depending on a few  sectors.  
 
Backward linkage measures the effects of increase of one unit of final demand 
of a particular sector in terms of input requirements originating from other 
sectors and from the sector itself. The value indicates the potential of the 
respective sector in contributing to the inducement to growth for the whole 
economy. Due to the nature of the production a high requirement of inputs from 
other sectors is commonly associated with modern sectors, especially industrial 
sectors. The importance of the sector is considered higher if it increases  input 
requirements to sustain its production.  In addition, more weight is normally 
attributed to backward linkages, due to the fact that the final demands for the 
sector’s production are already available. 
 
Forward linkage measures the utilization of output of a particular sector as an 
intermediate input for  other sectors, if final demand in these sectors were to 
increase by one unit. A high value of intermediate requirements for the sector’s 
output indicates that the respective sector plays an important role as a source of 
inputs for the activities of other sectors. The industrial sectors are generally 
characterized by a high value of forward linkage, and a sector that is directed 
towards satisfying  the final demand will have a relatively low value of forward 
linkage. Hirschman suggested that forward linkage should be given less priority 
than backward linkage, due to the difficulty in utilizing output emanating from a 
sector’s production.  
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A development strategy promoting sectors with high linkages is generally 
identical with the promotion of capital-intensive sectors that may lead to a 
widening of the gap between the modern and traditional sectors. However, it 
should be noted that a high value of intersectoral linkages does not imply  a 
correspondingly high value for the achievement of other development goals. 
This expectation is due to the fact that linkages are descriptive measures aimed 
at identifying the degree of structural interdependence between sectors in an 
economy,  focussing on the impacts on the level of sectoral outputs, but not  
designed for measuring the impact on other directions, such as on income or 
employment. Therefore, it seems an oversight to assume that high linkages 
always can always be associated with  high performance in satisfying other 
intended goals [McGilvray, 1978, p. 51].  
 
Obviously, the linkage criteria are relevant to be judged as the criteria of key 
sectors only if the economic development is mainly aimed at the achievement of 
high sectoral growth or the deepening of the production structure. However, the 
existence of a dual structure in the economy of developing countries produces 
disadvantages that prevent the linkage mechanism functioning well, in which  
regional disparity becomes the main obstacle to spreading effects  evenly on all 
regions. Rostow clearly advocated that the degree of linkages should be 
considered only as one feature of a key sector, and therefore, it should be 
recognized only as supplementary criteria to be considered in identifying key 
sectors. The use of the linkage measurement  as key criteria in the identification 
of the key sector of an economy is justified only if the intersectoral market 
mechanism is  functioning well and when the income and investment have 
achieved a particular level to sustain growth.   
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To provide more representative measurement  of linkage effects, the inverse  
Leontief matrix (I-A)-1 will be used to capture both direct as well as indirect 
effects of the change in final demand. The measurement  for the degree of 
linkage used in this approach is expressed as the normalized forward and 
backward linkages, as follows:  
 
The measure of backward linkage (BL) indicating the direct and indirect input 
requirements of sector j if the final demand for sector j increases by one unit is 
computed as follows:   
 
BL =  [1/n ( B.j) ] / [(1/n2) ∑ Bij ]  
                                               i,j 
      =  (B.j/n)/ Bij = B.j / Bij, for i= 1, 2, 3, …, n ,and j =1, 2, 3, …, n. 
 
 
Where the numerator B.j  represents the average value of the elements in column 
j and the denominator Bij denotes the average value of all elements of the 
inverse matrix.  
 
Similarly, the measurement of  forward linkage (FL) representing the direct and 
indirect utilization of the output of a particular sector i by other sectors, if final 
demand in each sector were to increase by one unit is obtained from the 
following calculation:  
 
FL  =  [1/n ( Bi.)]  / [(1/n2) ∑ Bij]   
                                                                           i,j 
       =  (Bi./n)/ Bij= Bi. /Bij,  for i= 1, 2, 3, …, n and j =1, 2, 3, …, n. 
 
 
The numerator Bi. is the average value of the elements in row i and the 
denominator Bij denotes the average value of all the elements of the inverse 
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matrix. A sector  having an above average linkage will result in the  normalized 
value of linkage above unity. 
 
7.2.3.2 Social Aspects 
 
7.2.3.2.1 Employment Effect  
 
Developing countries are commonly also characterized by the presence of the 
substantial number of unemployed and underemployed that has spread over 
almost all the  sectors of the economy.  A surplus of labor is mainly 
concentrated in the traditional sectors, where the marginal utility and 
productivity of labor  is very low and this, thus, underlines the need for a rapid 
transfer into more productive jobs in the modern sectors. The situation is made 
worse   by the fact that the high rate of economic growth experienced by  
developing countries in the past decades has not resulted in significant 
employment creation, especially in the modern sectors of the economy. In some 
cases, even during the period of rapid economic growth, the creation of new 
employment opportunities induced by the economic growth has lagged behind 
the growth of the labor force and, thus, was insufficient to absorb the growing 
labor force. Another unsatisfactory phenomenon is the existence of an 
imbalanced structure between the traditional and modern sectors of the  
economy in terms of their  contribution to national production and employment. 
For example, the number of people employed in the agricultural sectors remains 
proportionately high, despite the sharp decline of its contribution to national 
production. 
 
The situation in which an  unemployment problem persists despite  the  rapid 
growth of production for the whole economy, indicates that there is a need for 
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change in the direction of development policy towards more focus on 
employment creation. Economic growth is certainly a very important factor for 
the generation of new employment opportunities, but there is another factor that 
determines the extent to which  employment opportunities can be generated, 
namely the employment intensity of the respective sector. It indicates the 
potential contribution to employment generation, expressed in terms of the 
number of workers  needed to produce a unit value of output. For the decision 
maker,  an increasing value of the employment coefficient makes a sector more 
preferable to be promoted. For labor-abundant countries, labor-intensive 
activities are generally preferred as a means of reducing the  unemployment 
burden while at the same time perhaps  being  confronted with a low 
productivity of labor. 
 
The experiences of some developing countries in Asia provide   interesting 
examples  about the paths and the results of their development. Obviously, the 
promotion of labor-intensive sectors at the early stage of structural 
transformation from agriculture to industry was a key to  successful 
development. The promotion of a labor-intensive sector is efficient because it is 
consistent with the real situation of the labor surplus experienced by most 
developing countries and thus conducive to reducing the unemployment burden. 
The results of   past development provide a clear figure showing that Asian 
countries that have heavily relied on a capital-intensive development strategy, 
such as India, have failed to grow.  Countries that have partially adopted  
capital-intensive industrialization, such as Indonesia, Malaysia and  the 
Philippines, have failed to grow as fast as they could. In contrast, Japan and 
Taiwan successfully took off by promoting labor-intensive industrialization, 
mainly by focusing on light industries at the early stage of industrialization. 
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The problem of unemployment in developing countries is real and tending  to 
become worse. To tackle this problem, the creation of employment opportunities 
should  become the ultimate goal of development. It becomes a  basic condition 
for ensuring a source of income and a more equitable distribution of income as a 
means of  improving the standard of living, in particular for  medium- and long-
term perspectives. Based on the above considerations, the developing countries  
should clearly  also focus on a development strategy aimed at increasing the 
employment absorption capability by promoting productive and labor-intensive 
sectors of the economy. The promotion of such a strategic issue is suggested for  
future development, due to larger multiplier effects in contributing to the 
solution of other related problems, such as income generation and poverty 
alleviation. For the governments of labor-abundant countries, the number of new 
employment opportunities created during the development process can be used 
as an indicator for their success in achieving the development goals. The 
inability to bring the unemployment down to a level near to that which would be 
considered normal, is one of the greatest failures of the development programs 
in developing countries [Baumol and Wolf, 1994, pp. 112-113].  
 
Without introducing a new development policy that is more employment-
oriented,  unemployment and other related problems will become more complex 
and difficult to  solve in the future. Accordingly, the appropriate strategies and 
policies are needed for increasing the employment capacity of the economy by 
promoting and giving more priority to the sectors  with a high potential for labor 
absorption and for generating more value added. The sector’s capability for 
generating productive employment,  therefore,  should be considered  one of the 
most relevant criteria embedded in  the notion of key sectors and accordingly, 
should be given high priority in the planning for economic development.  
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The practical means to expand  employment opportunities is to elicit an increase 
in investment activities in productive labor-intensive sectors or through the 
reallocation of the resources in a similar direction [Baumol and Wolf, 1994, pp. 
112]. To carry out  such  a strategy, it is essential to determine which sectors are 
really labor-intensive, by considering both direct effects as well as indirect 
effects emanating from the relationships with other sectors. The sectoral 
performance in terms of employment generation can be explicitly evaluated 
using the absolute number of sectoral employment and the employment 
coefficient. This sectoral employment coefficient is obtained by computing the 
ratio of employees to the total output of the respective sector. For a wider 
coverage, the total coefficient based on the inverse Leontief matrix is used as a 
more appropriate indicator, representing  wide economic  effects. The 
coefficient contains direct effects, the additional amount of employment 
opportunity directly required by the sector under consideration and indirect 
effects arising from  inter-industry linkages.  
 
Employing the nature of the Leontief matrix, the sectoral employment 
coefficient of the economy is computed as follows: 
 
E =  E(I-A)-1  
 
E is the  diagonal matrix of direct labor coefficient and  (I-A)-1  is the  inverse  
Leontief matrix.  The total labor  coefficient for each sector can be obtained 
through the summation of the value of the respective column. 
  
The other criteria to be considered are the share of sectoral employment  to total 
employment, in which its importance will be higher with an increasing  role of 
the respective sector. Commonly, a sector with a high absolute number of 
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employment or high potential for employment creation at a given sectoral 
production, will be given a high degree of importance. The measurement  for the 
contribution of a particular sector to employment  is generally expressed as the 
percentage of the share of  sectoral employment (SE) to total employment as 
follows:  
 
SEi = Ei/ ΣEi  x 100, for  i= 1,2,.., n. 
 
Ei refers to the absolute number of  employment in the sector i and  ΣEi 
represents the absolute value of  total employment in the economy.  
 
The employment coefficient is obtained from the ratio between the absolute 
number of  sectoral employment Ei and the value of production of the respective 
sector Yi.  The employment coefficient can be interpreted as the number of 
employment needed for producing a unit value of  sectoral production.  
 
EC = Ei/ Yi 
 
Where Ei indicates the absolute number of  people employed in sector i and  Yi 
represents the absolute value of a sector’s production that is commonly 
expressed in  local currency units. 
 
7.2.3.2.2 Income Effect 
 
The developing countries have often emphasized the need to boost  economic 
growth, aiming at increasing income, the standard of living  and creating a  
better distribution of income,  thus reducing poverty incidence and social 
tensions among the population. These become the main social objectives of 
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economic development in developing countries in line with the shifting 
perspectives on development approach focusing beyond only  growth. The 
structure of the production of the economy has been changing  significantly as 
the growth rates for  the manufacturing and service sectors are higher than those  
of the agricultural sectors.  The changing structure of the economy has certainly 
also led to  changes in sources of income and its distribution.  Although a high 
growth rate is a desirable macro-economic objective, unfortunately, in the case 
of developing countries, it does not necessarily always mean that income 
distribution and standard of living for everyone is better. It is quite well known 
that the growth of the GDP or per capita income do not necessarily indicate the 
distribution of income among a country’s  population, which actually determines 
the welfare of the people in a society.  
 
Theoretically, if the trickle down effects are well functioning, the success in 
achieving a high sustained growth of production will provide, to some extent,  a 
positive increase of income for  the population.  An increasing income level will 
imply that everyone should be better-off and thus the poverty incidence could be 
reduced. It should be noted, however, that the relationship between growth and 
poverty is complex and to a large extent depends on the relationship between 
growth and inequality. Consequently, if inequality increases while the economy 
is growing, this may not only offset the poverty-reducing effects of economic 
growth, but may also retard the potential for subsequent growth.  
 
From the policy point of view, the top down approach adopted by most 
governments in developing countries in their efforts to achieve rapid economic 
growth is the major reason why little attention has been given to the issue of 
income distribution.  The accomplishment of this approach is  based purely on 
the assumption that there would be automatic trickle-down effects of the 
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benefits of development [Tjondronegoro, et al., 1992, p. 70], which 
unfortunately cannot always be realized  in most cases involved in developing 
countries. The above situations become sources of the dilemma for many 
developing countries aiming at achieving both high economic growth and a 
better income for everyone. The question frequently raised concerns about the 
extent to which the benefits of economic progress have been shared fairly 
among the people or  whether  rapid economic growth has, in fact, led to a 
reduction in poverty. Many developing countries have experienced a situation in 
which  rapid economic growth provided only  minimal impacts on increasing 
income for most of the population. It is often argued that in the early of 
economic development, the inequality of income distribution may be even worse 
due to the fact that the increase of production and productivity have taken place 
more in the modern rather than in the traditional sectors [Djoyohadikusumo, 
1994, pp. 152-153].  Of course, many interrelated factors and policies determine 
growth, distribution and poverty, but it is still difficult to point to any specific 
factor or policy as being  the major cause of the present situation.  
 
Obviously, the objective to reduce  poverty through economic growth has a 
close relation to the goal of improving  the distribution of income. The 
contribution of a  particular economic sector to improve  income distribution in  
society is determined by the productivity and the value of direct payment 
received by the workers. A particular sector, such as mining or manufacturing, 
may have a  high productivity but employ only a small number of people due to 
being  more dependent on using more capital.  Other sectors, such as the 
agricultural and public sectors, will  have the opposite characteristics, employing  
more people with a low level of productivity, and thus providing  only a 
minimal contribution to improving  the income and welfare of the population. 
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In general, income distribution can be differentiated into the functional 
distribution of income and the size distribution of income.  The functional 
distribution of income refers to the income received by different factors of 
production, such as return to labor, land and capital [Tinakorn, in:  Krongkaew, 
1995, p. 219]. The latter indicates the income received by different groups of 
households or individuals. The functional income distribution in developing 
countries shows a higher inequality in both directions, between factor 
production and the individual, than those in developed countries. For example, 
the size distribution of income in developing countries is mainly characterized 
by the facts that around 50 percent of the income earned by the top one-fifth of 
households and the bottom one-fifth have no more than 10 percent of the income 
[WECD, 1987, p. 50]. This situation is strengthened by the recent fact that the 
gap between  rich and poor is widening, not shrinking, and there is little prospect 
that the direction of income distribution will be reversed. Regarding  this 
situation, it is argued that the development should not only be directed towards 
acceleration of the economic growth, but its fruits must be also more fully 
shared fairly between all the income groups and factors of production 
[Clements, 1991, p.1].  
 
To facilitate  the fruits of development being fairly shared by all the income 
groups, there are some basic concerns to be considered. First, it should be noted 
that, in most situations, the redistribution policies can only operate if the income 
of the population  increases, and this underlines the need for maintaining a 
sustained, reasonable level of economic growth. Second, particularly in 
developing countries, the surplus that can be skimmed-off for redistribution is 
available only from the wealthier groups, and this policy is related to the 
readiness of those higher income groups to share their income. To deal with this 
problem, the government should intervene by encouraging the promotion of 
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productive, remunerative and labor intensive sectors, including simultaneously 
promoting a  fairer income distribution. This policy will become the most 
effective means for ensuring reasonable growth and equitable distribution of 
income aimed at reducing the poverty incidence among the population. From the 
point of view of income distribution, a key sector should  refer to a productive 
sector with a relatively  high proportion of direct wages to value added per 
worker.  
 
It would be desirable to analyze both types of distribution of income, but 
unfortunately, the available data permits only the assessment of the functional 
distribution of income. In this work, two derived criteria, namely the sectoral 
distribution of income and the absolute value of the   yearly sectoral wage will 
be used as the indicator for income effects.  The  measure of distribution of 
income of a particular sector is obtained from the following computation: 
 
DIi = Vei/ Vi  x 100 
 
Where DIi represent  the distribution of income, in percent unit. Vei is the 
absolute value of value added of sector i returned directly to labor and Vi is the 
total value added of sector i.  The higher the value of DIi, the more preferred the 
respective sector is.   The income level is measured on the basis of   the year-
average value of income per worker employed in the respective sector, 
expressed in the local currency units.  
 
7.2.3.2.3 Effect on Regional Development 
 
The existence of sectoral and technological dualism as well as disparity 
regarding  level of development between urban and rural areas characterizes the 
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common situation in developing countries. This may be a result of the 
previously pursued development policy, in which  rural development was more 
often in the position of an underprivileged relative of urban development. 
Moreover, the industrialization and concentration of economic activities have 
been, and continue to be heavily concentrated on urban areas.  This kind of 
policy has resulted in the consequence that there are less resources to be 
allocated and this has resulted in the   widening of regional disparities between 
urban and rural areas. This situation may  lead to uneven growth of different 
regions within the country and  that may trigger off more problems beyond the 
economic scope, such as political and social unrest. 
 
It should be kept in the  mind of development planners of developing countries 
that the traditional sectors in rural areas may be the largest sectors in terms of 
both population involved and productive capacity, and this certainly also 
contains potential for driving the growth of the economy. Accordingly, the 
development programs at national level should begin with the recognition of the 
economic backwardness of rural areas and the existence of the large size of the 
traditional sectors, mainly their role as a main source of employment and 
income for  most of the population of the country. The disparity and imbalance 
at the level of development between regions in the country should receive the 
appropriate attention, in which  development in the rural areas must be seen as 
an integral part of the overall process of development at national level. 
Moreover, the structural dualism should be broken through the integration of 
traditional sectors and rural development in the national development planning. 
 
Regional development in developing countries is mainly  directed towards the 
distribution of  development programs and benefits of national economic growth 
to all the regions.  The efforts are commonly focusing on the achievement of 
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major objectives comprising   poverty alleviation, improvement of the quality of 
life in the entire country and reduction of regional disparities. The recognition of 
the importance of regional development will provide guidance for reasonable 
resource allocation, including the decision about where development should  
take place. It is suggested that regional and sectoral development is  
interdependent and the decision about regional development may imply  the 
requirement to promote a particular sector. For instance, the development of 
rural areas in general can be associated with  the promotion of traditional  
sectors, due to the fact that economic activities in rural areas are more 
dominated by traditional sectors such as agriculture and other primary sectors.  
 
Recognizing the above considerations, a sector’s contribution to regional 
development should be recognized as one of the important characteristics of a 
key sector. From the regional development point of view, a sector classified as a 
key sector at the national level should also play an important role in  promoting 
and supporting  regional development [Beyers, 1976, pp 233–234].  It is 
believed that the success of promoting regional development  will also help to  
reduce other social problems, both in the rural and urban areas, such as 
urbanization and its further consequences.  
 
Quantitatively, the regional interdependence can be evaluated using a regional 
input-output table.  Unfortunately, the availability of such data in the developing 
countries is still under question, and, therefore,  linguistic terms will be used to 
denote the sectoral role in promoting regional development.  The evaluation 
result will be expressed  in  five-scale linguistic terms indicating the perceived 
evaluation value obtained from the decision maker.  
 
 
 263
7.2.3.3 Economic Aspects 
 
7.2.3.3.1 Sectoral Growth 
 
Until recently, the overall growth rate of the economy has often been used as a 
single indicator to measure the success of the economic development of a 
country and, thus, the achievement of high economic growth is generally 
associated with   success regarding   the accomplishment of a development 
program. On the  other hand,  a situation in which the economy fails to grow 
indicates that there are some concealed problems in the respective economy. It is 
also widely recognized that  economic growth becomes  the basic requirement 
for achieving other development goals, such as the creation of  new employment 
opportunities, poverty alleviation and increasing income [Rostow, 1960, p. 7;  
Wagner, 1997, pp. 2-4].  It is generally assumed that economic growth, as 
characterized  by an increasing GDP, will enhance the potential for reducing 
poverty and solving other social problems, as reflected by the strong, positive 
relationship between economic growth and poverty reduction.  
 
However, some developing countries have also experienced in the course of  
development that  a high growth rate in  sectoral production is insufficient as the 
only criterion for the success of the development. Some empirical evidence 
suggests that rapid output growth is sometimes also accompanied by other 
undesired results. Sustained high growth mainly occurs  in the modern sectors of 
the economy employing  relatively  few  people and  might dispose a large 
number of unemployed people and make the income distribution even worse. 
This  empirical evidence demonstrate that growth-orientated development 
strategy alone fails to satisfy one of the main development goals of developing 
countries in solving social problems. Historical data from many developing 
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countries also offers a number of examples where economic growth has not been  
accompanied by trickle down effects as had been  previously expected. Some 
developing countries experiencing   dramatic, sustained economic growth are 
also  confronted by persisting  poverty incidence and continuing unequal 
distribution of income. In some cases, even growth was achieved at the cost of 
greater inequality of income, higher unemployment, regional disparity and over-
extraction of resources  - all threatening  sustainability.  
 
This situation is becoming   a dilemma for many developing countries which are 
aiming at simultaneously  achieving high growth rate, full employment and 
increased income for all of their population. The goal in achieving high growth 
is clearly interlinked with other objectives such as employment generation and 
income distribution, but the question remains  about the extent and direction of 
this interrelation. What must be kept in the minds of the development planners is 
that  poor performance of the growth rate is not good enough for the economy 
where population pressure exists and poverty problem persists. Obviously, 
economic growth is a sufficient but not necessary condition for development.  
 
The fact that high sectoral growth rate  can only be achieved by promoting the 
modern sectors and neglecting the traditional sectors implies that only a limited 
number of sectors can be promoted for achieving high growth. Consequently, 
development programs focusing only on a high growth rate   will be confronted  
at the same time by   an  increasing open unemployment and underemployment 
problem, particularly in the traditional sectors, which will certainly alter the 
structure of income distribution among the population. This kind of path in 
directing development may not be sustainable in  the long run, since  it is very 
vulnerable to crises and may induce unemployment-related problems leading to 
further social tensions. 
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It is believed that the promotion of qualitative aspects of growth associated with  
the social aspects embedded in  the development goals  can deal with the 
limitation of the promotion of quantitative growth. Due to the potential conflicts 
between development goals, it is highly  crucial to consider the trade-off 
between different criteria under consideration of  such aspects such as  growth, 
employment and income effects. In principle, the development programs should 
aim at finding the best compromise solution among  these interests by 
considering the existing constraints and the intended development goals 
[Chenery and Clark, 1965, p. 279].  For  long run development, the choice 
among sectors becomes increasingly important because the pattern of growth in 
each period will be determined by the choices having been made previously.  
 
From the point of view of economic aspects, the ability to grow is one of the 
most relevant criteria associated with key sectors. Even though a high growth 
rate of sectoral production is always desirable,  it is still difficult to determine at 
what level key sectors should grow, due to the fact that key sectors will 
necessarily grow faster than other sectors. It may  occur that the fastest-growing 
sectors are those which are most closely linked to the key sectors, but not the 
key sectors themselves, even when these sectors may have a relatively low index 
of linkages [Mc. Gilvary, 1978, p. 53].  Moreover, a high growth rate of a  
particular sector cannot be automatically associated with  the leading role in 
driving the economy, unless its contribution to the overall economic growth is 
substantial. Even among countries there is no specific measurement  of which 
rate the key sector should grow at, due to the fact that the notion of high rate of 
economic growth  also has a different scale in the context of developing and 
developed countries.  
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To overcome the problem of measurement, the average growth rate of the whole 
economy can be used as a measurement for  differentiating between  high 
growth and  low growth. The growth rate of a certain sector is calculated on the 
basis of  the ratio between sectoral production of the current year with the level 
of production of the previous year, at  constant price. Mathematically, it can be 
expressed as: 
 
Ri = (Yit –Yit-1) / Yit-1)  x 100  
 
Where Ri is the value of economic growth in percent, Yit is the sectoral 
production of the current year and Yit-1 refers to the sectoral production of the 
previous year. 
 
7.2.3.3.2 Sectoral Share of National Production 
 
The rate of sectoral growth indicates the potential improvement of  production, 
but it does not mean that the respective sector automatically leads to the 
development of the whole economy. Despite a high growth rate, a sector that 
contributes a very limited amount to the  total production  will certainly play a 
less important role in the national economy. Obviously,  key sectors should not 
only be rapidly growing, but more importantly, should  also provide a  
substantial contribution, direct and indirectly through  linkages,  to the total 
output of the whole economy. The size of a sector in terms of absolute value of 
production or its share of the  national account may be  important for 
consideration. Moreover, a high absolute value or share of the  national product  
in general also contains a higher potential for  contributing to employment 
creation and increasing income. Therefore, the level of the sectoral contribution 
to national production should be recognized as one of the strategic criteria 
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embodied in the notion of key sectors of an  economy. The measurement  of the  
sectoral contribution to national production (Ci)can be expressed as: 
                                                          n 
Ci = (Yi / ΣYi ) x 100 
                                                        i=1 
 
Yi represent the values of production of sector i  and ΣYi is the total value of 
national production. The value of sectoral production at a constant price is 
usually used to result in  comparable measures. Combining the above criteria, 
key sectors thus should contribute to a considerable level at  national production 
and experience a reasonable above average growth rate during the period under 
study. 
 
7.2.3.3.3 Foreign Earnings 
 
As the economy of developing countries become more open, at a certain point, 
its economy has to link to the international market, either for supplying the 
required production inputs or for marketing  the products. Certain production 
factors, such as capital and intermediate inputs or even final goods, due to the 
lack availability or higher price of domestic products, should be imported from 
abroad to satisfy the domestic demands. For a particular sector, such as 
manufacturing, imported inputs sometimes become the basic requirement for 
sustaining and diversifying the  production process and export activities. 
However, import activity places the developing countries in the dilemma of 
achieving a balance between the continuation of production and the foreign 
exchange reserves available to finance it. Import activities require a great sum of 
foreign exchange and this will reduce the foreign reserves, which for developing 
countries are still considered  scarce capital for influencing the economic 
stability.  
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Most of the developing countries have recognized foreign markets as an 
important part of their own markets due to the limitation of a domestic market as 
characterized by low purchasing power of the population. As the size of a 
domestic  market expands, the total volume of external trade  is more likely to 
grow rather than to shrink. The export of products and services has been 
regarded as an important source for foreign earnings needed for paying imported 
inputs, contributing to foreign reserves and for paying  foreign debts. It has 
become the intention of many developing countries to maximize their foreign 
earnings and to keep the balance of trade manageable. Therefore, to avoid the 
financial difficulties arising from  trade relations, the country should export its 
products as much  as possible  and minimize the import activities  as long as it 
does not disturb the sustainability of the production process.  
 
The lessons learned from the experiences of developing countries suggest that 
the adoption of an outward-oriented development strategy is suitable for 
realizing the desired development goals. Developing countries pursuing an  
outward-oriented strategy have not only experienced rapid growth both  in 
manufacturing output and income, but have also contributed to the creation of 
more employment opportunities, due to the fact that the exported products were 
mostly labor-intensive in nature. On the contrary, the negligence of  promoting 
the export sector and the concentration on import-substitution development 
under protectionism policies have led to a structural malaise in many countries 
[Karunaratne, 1976, p. 301]. The evidence is  quite conclusive:  that countries 
pursuing outward-oriented development strategies have a superior performance 
in terms of exports, economic growth and employment, whereas those that 
continue with an  inward-orientation encounter increasing economic difficulties. 
According to [Balasa, 1980, p. 27],  policy reforms aimed at greater outward 
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orientation have also brought considerable improvements to the economic 
performances of countries that had earlier applied inward-oriented policies.  
 
In the case of developing countries, however, the expansion of  the primary 
production for export is  often confronted with the adverse price condition on 
the world  market, especially for the primary commodities, due to inelastic 
prices and stagnant demand. To deal with this issue, a country should focus in 
promoting products that are internationally competitive including specialization 
as well as diversification of products.  These can be achieved, for example, by 
exploiting the comparative advantage in the  resource-based and labor-intensive 
sectors. A country could gain most by pushing the export of products that can be 
produced competitively, while at the same time producing  domestically  
products that can be made at lower costs.  
 
It has been widely recognized  that the promotion and diversification of exports 
will play an important role in improving the stability of both foreign earnings 
and the national income. Considering the debt burden and unemployment 
problem faced by most developing countries, a high potential contribution to 
foreign earnings should be considered  important characteristic of a key sector of 
the economy. In general, the net contribution to foreign earnings, referring to the 
actual contribution of particular sector to foreign earning is used as the common 
measurement associated with  this criterion.  The values of  the net contribution 
of a particular sector  to  foreign earnings (FE) can be derived from the 
difference between the value of sectoral export and import as follows: 
 
FEi = EXi -  IMi  
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Where EXi is the value of export of the sector i and IMi is the value of import in 
the same sector expressed in the current value of the local currency unit. 
 
7.2.3.3.4 Competitiveness 
 
Despite  the wide recognition of the importance of promoting a sector’s 
competitiveness, there is not enough attention being  paid by development 
planners in developing countries to dealing  with this issue explicitly. Formally, 
almost all development policies  listed among their priority criteria factors 
presumably leading to competitive advantage, but there is little evidence as to 
how they are applied in development programs. The inconsistency  in 
formulating development policies is  probably the most important source of 
conflict between the dictates of competitive advantage and of growth theory. 
The negligence of sectoral competitiveness has  also been recognized as one of 
the serious drawbacks of the existing approaches in identifying the key sectors 
of an economy. 
 
An open economy makes it possible that certain products required for the 
production process or for satisfying  final demand can be imported from abroad 
and the excess  products from domestic production can be sold in foreign market 
trough export.  The success in exporting the excess domestic production is to a  
large extent  attributable  to  the product’s competitiveness, and this implies  that 
this criterion should be taken into consideration during the development 
planning. Theoretically, there should be a close interaction between sectoral 
competitiveness and the capability of sectoral products to enter international 
markets under free competition. Only products that are internationally 
competitive will be able to struggle in competing with similar products in the 
international market and a continuing increase in exports is also an important 
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indicator of increasing competitiveness of the respective sector. In addition, the 
promotion of a sector with high competitiveness will strengthen the achievement 
of the development goal in maximizing foreign earnings.  
 
Competitiveness depends on prices and non-price factors and therefore, it is very 
difficult if not impossible, to derive the exact measure of sectoral 
competitiveness explicitly [Cella, 1996, p. 153].  Some attempts have been made 
to approximate the measure for competitiveness in an indirect way using the 
information derived or revealed from post-trade situations. The concept of 
revealed comparative advantages (RCA) is becoming the most commonly 
accepted method to measure a sector’s competitiveness. This can be defined as 
follows:  
 
RCA =  (EXi – IMi)/ (EXi + IMi) 
 
Where EXi refers to the export value of sector i and IMi denotes the import value 
of the sector under consideration. 
 
Revealed comparative advantage measures the ratio of net trade to total trade, 
and is defined as the ratio of difference between the value of export and import 
to total trade.  It serves as the approximation for  sectoral trade performance by 
considering the possibility of simultaneous export and import within a particular 
sector. By definition, it will take the value of  –1 when there are no exports (EXi 
= 0) but import, which reveals competitive disadvantage, to +1 when there are 
no imports (IMi = 0) but export, which reveals competitive advantage. The 
positive value of this index indicates the potential of  the product of the 
respective sector for being internationally competitive, and thus being promoted 
and given high priority in the development process.  
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Another measurement  associated with  competitive advantage is domestic 
resource cost (DRC), an indicator of sectoral efficiency as estimated by the total 
cost of domestic resources, at shadow prices, that are needed for generating one 
unit value of foreign exchange. The lower the value of the sectoral domestic 
resource cost, the greater the amount of foreign exchange that can be earned 
with a given amount of resources. A sector with a DRC greater than unity 
indicates that the opportunity cost of importing the product of the respective 
sector is lower than producing it domestically.  On the other hand, a sector with 
a DRC smaller than one can be expected to be internationally competitive under 
a free trade regime [Clements, 1991, p.14].  
 
It has long been recognized that a country's relative factor endowment will 
strongly influence the competitiveness of a sector’s production in international 
trade [Heller, in: Sohn, 1986, p. 327].  In most developing countries, the 
abundant supply of labor and natural resources would very likely give an apriori 
competitive advantage to a  labor-intensive and resource-based sector. 
Therefore, in order to ensure resource allocation in line with the embedded 
competitive advantage and the exploitation of economies of scale, the policy 
should be appropriately directed towards this direction.  
 
Sectoral productivity  can also  be used as an indicator associated with  the 
sectoral competitiveness as indicated by the level of output in the respective 
sector. The general situation regarding sectoral productivity in developing 
countries is generally characterized by low productivity in the traditional 
sectors, such as  agriculture, fishery and forestry, due to their being labor-
intensive in nature.  Their performance in terms of productivity is inferior, not 
only if compared to the same sector in more advanced countries, but also in 
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relation to other economic sectors in the same country. On the contrary, 
industrial sectors are commonly associated with high productivity operating 
with more modern technology and being more capital-intensive by nature. In 
order to win the competition in international markets successfully, it is necessary 
that each sector should produce to a superior productivity standard to meet with 
its foreign rivals [Porter, 1998, p. 8].  From this point of view, improving 
productivity in the agriculture sectors must certainly be seen as one of the main 
roads for sustaining economic growth in developing countries, in  line with the 
improvement of the productivity outside agriculture. However, until recently, 
there were no standardizing values of sectoral productivity that could  be 
associated with  high competitiveness in international markets.   
 
The productivity of a particular sector is generally computed  in terms of labor 
productivity as follows: 
 
Pi =  Yi / EMi  
 
Where Yi is the production level of sector i and EMi represents the number of 
people employed in the respective sector. To differentiate the level of 
productivity between sectors, the average productivity of all the  sectors of the 
economy may be used as a  basis for comparison, in which the index value 
greater than unity refers to  that the respective sector having higher productivity 
than average and thus being preferred for further promotion. In the context of a 
national economy, a relative productivity value between sectors can be used as a 
proxy of sectoral competitiveness at national level. 
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7.2.3.4 Environmental Aspects 
 
7.2.3.4.1 Resource Degradation  
 
The shifting perception of development approach  from focussing on growth 
towards focussing on sustainable development has also led to a growing 
recognition by governments in developing countries of  the role of the 
environment in the development process. Conventional perception of  the link 
between development and environment has been mainly concerned with  the 
effects of development on the environment, but nowadays, one  also needs to be 
equally concerned with  the effects of environmental degradation on  dampening 
or even reversing the sustainability  of economic development.  It emphasizes 
that environment and development are not separate issues, but they are 
interlinked.  Therefore,  it is impossible  to deal exclusively  with  economic or 
social issues without taking into consideration the environmental aspect.  
 
Economic activities  transforming inputs into the intended outputs also produce  
undesired byproducts, which directly   or indirectly have potential impacts on  
environment degradation.  For instance, economic growth driven by natural 
resources may  lead to over-extraction and this  puts increased pressure on 
environmental resources, which  has occurred in many developing countries. 
The experiences  with the economic development  in developing countries 
clearly indicate that some of these natural resources are not being managed in a 
way conducive to sustainable development. In many cases, an inappropriate 
policy carried out in the name of economic development has resulted in  over- 
extraction of natural resources that may end with dramatic social and 
irreversible environmental impacts [Ross and Thadaniti, 1995, p. 268]. 
Continuing  sectoral production  activities to meet the demand directly and 
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indirectly will put  natural resources constantly under pressure.  This will  
reduce the potential of natural resources available for further growth that will 
severely effect its sustainability or may result in unsustained economic growth.  
 
It has been widely recognized that the limitation of economic growth can be 
caused by a shortage of natural resources, in particular for non-renewable 
resources, and environmental degradation as well. The concept of sustainable 
development sets the condition that the pursued development programs should 
meet the needs of the present without compromising the ability of future 
generations to meet their own needs [WECD, 1987, p. 43]. Consequently, to 
make the development  sustainable, the decisions for future development should 
be directed with sustainability in mind using the best information, methods and 
techniques available and regarding both impacts and benefits prior to 
undertaking implementation actions. Reduction of  the material inputs or 
application of a more efficient technology is regarded as being able to decrease 
the rate of resource degradation. Obviously, sustainability  is the key to future 
prospects  in economic development. 
 
7.2.3.4.2 Environmental Threat 
 
 Sustained economic growth can only be achieved by considering  the capability 
of the environment in facilitating economic development through minimizing 
the burden to the environment. The adoption of environmental  concern in 
development planning will become one of the major challenges in  planning for 
future economic development. Moreover, the impacts of a certain economic 
sector on the environment may vary, depending on the type of activity, the 
processes it adopts, the efficiency of its technology and its location [Ross, Helen 
and Suwattana Thadaniti, 1995, p. 275]. Accordingly, development planners 
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must design strategies allowing the nation to move from its present development 
processes onto sustainable development paths. 
 
It is very obvious that the concept of sustainable development should relate to 
economic, social and environmental objectives and usually cannot be specified 
via one single indicator, but requires multiple criteria to allow judgement of 
sustainability [Pearce, et.all.  1988; Rauch, 1998, p. 31]. A major problem with 
the recognition of the environmental effects of  development is the question of 
how sustainability  is defined and  identified as a normative orientation for 
development policy, while it is difficult to measure. To deal with this kind of 
decision problem, a multiple criteria analysis may be seen as an appropriate 
operational instrument for determining sustainable development policy. The 
environmental threat refers to the potential danger caused by a sector’s activity 
in terms of water, land and air pollution. Although the adverse impacts of the 
particular economic activity on the  environment is obvious, the extent of the 
impacts is very difficult to  measure quantitatively, but, it is still possible to 
approximate the significant impacts  using  linguistic terms.  
 
In this work, the strategic criteria associated with  the sectoral impacts on the 
environmentare referred to as the threat to the  environment and resource 
degradation, that,  due to  the incommensurable unit of measurement, will be 
expressed linguistically. But, it should be kept in mind that sustainability is a life 
process involving changes and continuos adjustment to the changing 
environmental conditions accompanying the development process [Köhn and  
Gowdy, In: Köhn, Gowdy and van der Straaten, 2001, p. 12].  
 
It is more desirable that development should result in lower consumption of 
natural resources and fewer negative impacts on the environment. From the 
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point of view of environmental impact, a key  sector, therefore, should have the 
characteristic of being  an environment-friendly sector, and thus being in 
accordance with  the concept of sustainable development.  
 
The identification of key sectors can clearly  be structured in a hierarchy of 
criteria corresponding to  stepwise operationalization of the decision criteria into 
measurable attributes. The hierarchy of attributes used for  the definition of the 
key sectors of an economy  according to the new approach  as shown in Figure 
7-1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-1:  Concept hierarchy of the key sectors of an economy 
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It  illustrates that the process of key sector  identification consist of several 
levels.  At the first level  is the global or ultimate objective “key sector”  
indicating  the aggregated achievement of four main criteria: social, economic, 
environmental and technological  aspects. Each of these main criteria then 
should derived further into measurable sub-attributes at the lower levels. 
 
The economic attribute is constructed from the following sub-criteria: GDP, 
foreign earnings and competitiveness, in which each of these sub-criteria could 
be derived into its measurable basic criteria. Similarly, the criteria associated  
with employment, income and regional development together are regarded as 
the derivations of the  social criterion. Linkage criterion can be further derived 
into sub-criteria comprising  backward and forward linkages and the 
environment aspect has two sub-criteria, namely  resource degradation and 
environmental threat.  All of these basic criteria form a hierarchy defining the 
structure of decision problem  associated with the  process of the key sector 
identification of an economy. 
 
7.2.4 Fuzzification of Input Variables 
 
In the proposed model, the fuzzy linguistic variables will be used both in 
describing the sectoral performance associated with a  certain criterion 
indicating the capability or the level of achievement of the respective sector in  
satisfying the corresponding criterion. Considering the fuzziness involved in the 
decision making process, the fuzzification of quantitative measures becomes one 
option to be carried out to enable the  solving of  the  decision problem. The 
fuzzification process is  accomplished through the conversion of a quantitative 
measure into its corresponding linguistic term. All input values are translated 
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into linguistic concepts, which are represented by fuzzy sets  in which the 
suitable membership function is applied to each measurement.  
 
In this study, the fuzzification process is carried out on the basis of   the 
interviews with experts in the respective fields, and thus permits  the refinement  
of the results according to  experiences. It should be noted, however,  that for 
each input criterion there will be a lot of possible membership functions, which, 
to a large extent, depend on the preferences and previous experiences of the 
decision maker.  The basic variable is defined for all possible values of the  
criterion, which generally consist of  real numbers within a reasonable interval.  
The meaning of the terms can be defined by  giving the degree of membership 
as a function of the above defined indicator as base variable.  To avoid 
increasing complexity in transforming into fuzzy variable, a triangular 
membership function would be used for the fuzzification process.  The 
quantitative measures, according to the opinion of the expert,  would be grouped 
into five different linguistic terms.  The number of terms to be used is based on 
the consideration  that  it should provide appropriate measures to differentiate 
between the degree of achievement for each criterion.   
 
Technological criteria: 
The combination of linkage measurement that is commonly used as the sole 
criterion for key sectors of the economy will be considered only as a part of the 
criteria determining the key criteria in the new approach. Due to  the values of 
the sectoral linkages  obtained from the input- output table having been 
normalized,  there is no difficulty faced  by the expert in differentiating the 
values.  
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In contrast to the differentiation only between low and high linkage as was used 
until recently,  five linguistic terms comprising   “very low”, “low”, “medium”, 
“high” and “very high” are used to differentiate sectoral linkages, both for 
backward and forward linkage. The value of unity is used to differentiate 
between low and high value of linkage.  The value above unity indicates that the 
respective sector has an  above average linkage compared with   the averages of 
all the sectors of the economy.  The membership function for  each  linguistic 
term for linkage criteria  is depicted in Figure 7-2. 
 
      
 
 
 
 
 
 
 
Figure 7-2: Fuzzification of  backward and forward  linkage 
 
 
Social criteria:  
Criteria whch correspond to social aspects constituting three different sub-
criteria, namely employment, income and regional development. Sub-criterion 
employment is structured from two basic criteria, sectoral employment 
coefficient and share of sectoral employment.  Each of these criteria is expressed 
in five different linguistic terms. The employment coefficient indicates the 
number of workers  needed for producing one million Rupiahs’ worth of 
products that can also  be used  as an indicator of whether the respective sector 
is labor-intensive by nature. The average value of the whole economy is used to 
differentiate  between low and high value. The measurement  of  the 
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employment share indicates the role of the respective sector in providing a 
source of income,  whereby their importance increases with the increasing  
value. 
 
     
 
 
 
 
 
 
 
 
 
 
Figure 7-3: Fuzzification of  employment-related criteria 
 
To differentiate between  different values of employment share, the decision 
maker uses the subjective justification based on  experience.  The figure  
describes the fuzzification result of criteria corresponding to employment 
aspects. 
 
Five linguistic terms, “very bad”, “bad”, “average”, “good” and “very good”  
are used to group the performance of the sectors with respect to the income 
distribution criterion.  The basis for grouping  is the  value of  the percentage of 
value added returned to the worker, in which value above the average is 
preferred. Similarly, the sectoral yearly income, as a direct indication of  quality 
of life for people working in the evaluated sector is differentiated into the five 
linguistic terms.   
 
The base variable, the value of yearly income in local currency units, is used to 
differentiate between the linguistic terms.  The membership function is 
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developed on the basis of general perception about a good and a bad job.  The 
ordinary job is associated with  the “medium” value of yearly income, and twice 
the average can be grouped into a “good”  yearly income. The results of the 
fuzzification process of  income-related criteria,  the yearly value of sectoral 
income and  the income distribution  are described  in Figure 7-4. 
 
     
 
 
 
 
 
 
 
 
Figure 7-4:  Fuzzification of  income -related criteria 
 
 
Concerning  the effects on regional development, which are very difficult to 
measure, the interval value between 0 and 1 is used to represent the base 
variable for the fuzzification purpose.  
 
 
 
 
 
 
 
 
Figure 7-5:  Fuzzification of  regional development criterion 
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The value of 0 indicates that the respective sector plays an unimportant role and 
on the  other hand, the value of 1 indicates that the corresponding sector plays a 
very important role in developing the rural area. Figure 7-5 shows the result of 
the fuzzification process on the variable regional development. 
 
 
Economic criteria: 
Economic criteria encapsulate three sub-criteria: GDP, competitiveness and foreign 
earnings that, subsequently, can be further derived into their corresponding basic 
criteria. Two criteria, the GDP share and the GDP growth rate together  construct  
the sub-criterion GDP.  The basis of the fuzzification of the GDP share  is the 
value of the ratio  between the sectoral output to the  whole economic production.   
 
     
 
 
 
 
 
 
 
Figure 7-6: Fuzzification of  GDP-related criteria 
 
Considering the degree of sectoral aggregation, the value of around 4%  can be 
attributed to the  medium terms, while the term “very large” can be assigned to the 
value above 8 %. The rate of sectoral growth is grouped into five  distinct 
linguistic terms, comprising “high decrease”, “small decrease”, “moderate”, “high 
increase” and “very high increase”. A negative base variable is used to represent 
decreasing growth and on the  other hand the area under the positive value is 
differentiated into “moderate”, “high increase” and “very high increase”. The 
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results of the fuzzification process of these basic criteria related to the GDP are  
shown in Figure 7-6. 
 
 
 
 
 
 
 
 
 
Figure 7-7:  Fuzzification of  foreign earning-related criterion 
 
The criterion Exportminusimport indicates the contribution of the sector under 
consideration of the foreign earnings, expressed in billion US Dollar.  Five 
different linguistic terms are used to express the contribution of each sector.  The 
notion “balance”, for instance, is used to represent the value around zero,  the 
terms “positive” and “very positive” for the positive value of foreign earnings up to  
20 and above  20 billion  US Dollar  respectively. Figure 7-7  describes the 
membership function of the  criterion associated with foreign earnings.  
 
The criterion net trade ratio with the base variable of  between –1 and 1 
indicating the potential for export of products in a  particular sector is fuzzified 
into five different linguistic terms, which are symmetrical at the base variable of 
0.  The negative value of this criterion indicates competitive disadvantage that 
results in a negative contribution to foreign earnings.   
 
On the other hand, a positive value is preferred, due to its  indicating  
competitive advantage in terms of positive contribution to foreign earnings.  
Similarly, the fuzzification of productivity is carried out  by comparing  the 
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productivity of the sector under consideration of  the level of average  
productivity  of the whole economy.  The result of fuzzification of these criteria 
can be seen in Figure 7-8. 
 
 
 
 
 
 
 
 
 
Figure 7-8: Fuzzification of  competitiveness-related criteria 
 
 
Environmental criteria: 
Two basic criteria,  environmental threat and  resource degradation are used to 
construct an aggregated environmental criterion. However, due to the 
unavailability of the exact numerical  measurements  for these criteria, an 
ordinal scale of between 0 and 1 is used as a shadow base variable.  
 
 
 
 
 
 
 
 
Figure 7-9: Fuzzification of environment-related  criteria 
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The normalized value makes it easier for a decision maker to describe the 
corresponding membership function. Figure 7-9 depicts the membership 
function of the environment-related criteria. 
 
 
Aggregation results: 
The results of the aggregation process are expressed  linguistically in five 
different linguistic terms comprising  “unsatisfactory”, “slightly satisfactory”, 
“less satisfactory”,  “satisfactory” and “very satisfactory”, depending upon  the 
degree to which the maximum  firing is attained.  The membership function of 
each linguistic terms is shown in Figure 7-10. 
 
 
 
 
 
 
 
 
 
 
Figure 7-10: Fuzzification of aggregation results 
 
 
7.2.5 Aggregation of Criteria with a Fuzzy Rule Base Inference System 
 
In a multi-criteria decision making problem, the ranking of the alternatives is not 
straightforward, as an alternative may be found to be very satisfactory  for a 
particular criterion but may be unsatisfactory  for other criteria. Based on the 
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information obtained through interviews with experts on the problem, the 
fuzzification and the construction of blocks of fuzzy rules can be carried out. 
The aggregation process does not use the past history of the problem, but it 
relies on the experience of experts who have worked in the field for years. This 
approach seems appropriate for the purpose, because no systematic past data on 
key sectors are available and because the empirical identification of the key 
sectors requires a careful assessment of their characteristics that only experts in 
this field can make.  
 
To arrive at the appropriate decision, the decision maker should take into 
account  all possible criteria involved, including   assigning a suitable weight to 
the perhaps  conflicting development goals to be realized. In the case of 
development planning, for instance,  this situation is very frequent and ends  
with the dilemma to either  promote a highly productive, capital-intensive sector 
in the country with  a high open unemployment and disguised unemployment 
problem or choose the appropriate production technique, which is more labor-
intensive in nature. The promotion of modern, capital-intensive production 
techniques may result in a  high growth rate of output and high productivity, but 
their capability in generating employment opportunities  or contributing to a  
fairer distribution of income is questionable. However, if the priority is  more 
focused on a labor-intensive production technique, it will likely result in less  
production  for the long-term and thus will reduce the capability of the economy 
for further and sustained growth. All of these considerations should be carefully 
taken into account, in particular during  the process of development planning, 
when the decision about the effective allocation of resources should be made. As 
the complexity of the economy structure of developing countries increases,  
attention should also be paid to  broader perspectives, comprising  economic, 
social, technological and environmental  concerns [Bienefeld and Godfrey, 
 288
1982, p. 21]. A realistic development planning should consider all these 
elements, and the present decision model is developed on the basis of  the 
assumption that there exists interlink between different criteria associated with  
the achievement of development goals. 
 
Due to the hierarchical nature of decision concept,  the rule bases are 
constructed to reflect  the contribution of each aspect to the overall satisfaction 
of a key sector indicator. After establishing a set of rules and demonstrating the 
feasibility of the associated membership functions, the system can be refined by 
consulting the decision maker, including the experimenting  with different rules, 
membership functions and aggregation operators in order to achieve adequate 
results. The hierarchy  can be considered as  the combination of  elementary 
local priority rules in a more comprehensive global priority or decision rule 
[Zimmermann, 1996, p. 339].  
 
In contrast with  the derivation of decision criteria from global objectives, the 
aggregation process takes  the opposite direction, from the lowest variable, 
through intermediate variable and ending  at  global assessment.    Fourteen 
basic   criteria are aggregated into  four intermediate criteria constituting  
technology, economic, social and environmental aspects. The aggregation is 
carried out gradually according to their structure in the decision hierarchy and  
leading  to the global evaluation of the alternatives.  For example, the backward 
and forward linkages are aggregated into a single aggregated  criterion named 
linkage. Similarly, the attributes of  net trade ratio and productivity are 
condensed into productivity. A single criterion GDP is used to represent the 
combination between  GDP growth and the share of the respective sector of the 
national GDP. The employment criterion contains  combined information about  
employment effects in terms of  employment coefficient and  employment share 
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of the  total employment of the considered sector.  A similar aggregation process 
is used  for  the other criteria until all basic criteria are aggregated into their 
corresponding condensed criterion at the higher level of hierarchy.  A complete 
list of the rule base systems,  combining the different criteria involved in the 
identification of the key sectors of the Indonesian economy is presented as 
appendices to this thesis. 
 
Table 7-2: Fuzzy rule base inference system for the GDP and employment 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
At the lower level, the decision maker considers no trade-off between criteria, 
and therefore, the min operator  is used in the aggregation process. At the higher 
level  of aggregation, the decision maker is commonly  ready to consider trade-
off between aggregated criteria.  For example, one can take into account the 
trade-off between sectoral growth and sectoral employment opportunity, in 
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which lower growth of output may be compensated by the high number of new 
sectoral employment opportunities created by the respective sectors. Different 
levels of trade-off can be applied, varying from 0 for the case of without  
compensation, which is associated with  the and operator  and 1 for the full 
degree of compensation.  There are three different compensatory aggregation 
operators that  may be used,  comprising  min average, min-max and gamma 
operator.  Considering the nature of the problem to be solved, a combination of 
min-max operator and gamma operator is seen as appropriate for use. However, 
the decision maker intends, as far as possible, to fulfil most of the required 
criteria, implying that he or she is only ready to make a small compensation at 
the higher level of the hierarchy.  The degree of satisfaction of the aggregated or 
global criterion will increased by  the increasing number of criteria that can be 
satisfied.  
 
7.2.6 Defuzzification of Aggregation Results 
 
The central issue of the defuzzification approach is how to convert fuzzy ratings 
or conclusion obtained from the fuzzy inference into a single typical crisp value 
for each respective linguistic term [Chen and Klein, 1996, p. 53],  [Yuan and 
Klir, 1995, p. 336],  [Von Altrock, 1997, p. 44]. The linguistic terms are 
transformed into corresponding crisp values using a suitable defuzzification 
method. The transformation of fuzzy data into their most probable value in 
numerical form will make the comparison of the alternatives and the 
interpretation of solutions easier [Turunen and Järveläinen, 1984, p. 24]. 
Unfortunately, some information may be lost or reduced when the fuzzy data are 
forced to  transform into numerical values.   
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Considering the potential conflict involved in the identification of key sectors as 
earlier described, the defuzzification method used to convert linguistically 
expressed aggregated results into  typical numerical values must also adapt this 
situation. Accordingly, the use of the center of maximum (COM) defuzzification  
method  is justified to provide the most compromise  result. Corresponding to 
the aggregation results, the global ranking would be differentiated into 
“unsatisfactory”, “slightly satisfactory”, “less satisfactory”,  “satisfactory” and 
“very satisfactory”, depending upon  the degree to which the maximum  firing is 
attained. A different combination of inputs may produce the same linguistic 
value, but from a decision maker’s point of view,  the degree of the satisfaction 
achieved might be different. To deal with this case, the degree of support is used 
to weight  the corresponding rule according to the preference of the decision 
maker. In general, most of the rules have a degree of validity of 1 indicating that 
the respective rules are fully valid and none of them have the value of 0.  The 
assignment of degree of support is certainly subjective, but it reflects the way of 
human behaviour in the decision  making process.  
 
7.2.7 Ranking of Sectors 
 
As all the outputs of the aggregation operation have been defuzzified, the 
ranking of sectors becomes easier, due to the fuzzy output  of aggregated criteria 
having been converted into numerical values through the defuzzification 
process.  Crisp values resulting  from the defuzzification process will facilitate 
that  the ranking of the existing criteria can be carried out without any problems. 
The full conformity of a particular sector in satisfying key sector criteria is 
indicated by the defuzzified  value of 1.  A  lower value of defuzzified results 
indicates that the corresponding sector fails to satisfy some basic criteria.  In 
general,  an attained degree of satisfaction  above 0.7  is regarded as satisfactory  
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for  complying  with the required key sector criteria.   It should be noted 
however, although the same linguistic terms are used for expressing the degree 
of conformity, the crisp values associated with  the linguistic terms may be 
different. In interpreting the meaning of these empirical results, the usual 
caveats regarding multi-attribute decision making should be observed.  By 
ordering the defuzzified value of aggregated criteria in  descending order, the 
complete ranking of the existing alternatives can be obtained. The ranking  of  
sectors will provide the decision maker  with information that can be very useful 
in the process of planning for development, mainly in assigning priority  for 
allocating  the available resources.  
  
7.3 Key Sectors of the Indonesian Economy 
 
The notion of key sectors has also been adopted in the context of national 
economic development in  Indonesia and is well known as “sektor unggulan”. It 
refers to the sector with a high degree of interdependence as manifested by the 
value of both backward and forward linkages which, apparently in accordance 
with  the narrow classic concept of key sectors was used until recently. In the 
case of regional development, the notion of key sectors is sometimes further 
derived into a  more specific notion at commodity level, referred to as “key 
commodity”, referring to the product that satisfies the predetermined key 
criteria. The adoption of a linkage approach for key sector identification of the 
economy is mainly based on the assumption that it will be automatically 
accompanied by other desired characteristics, such as in terms of employment, 
income, foreign earnings and competitiveness.  However, these characteristics 
together are very rarely  fulfilled by a particular sector, due to the existence of 
potential conflict between different development goals.  Confronted with  these 
facts and considering the weaknesses of the conventional approaches in 
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determining key sectors, in some cases, some additional criteria have  to be 
added to the concept of key sector.  For example, in recent years there have been 
attempts to include the criteria of employment and export potential, but 
unfortunately there is no commonly accepted or standardized method that has 
been developed for dealing with this problem systematically.  
 
The question of which sector of the Indonesian economy can be attributed to a  
key sector that is to be promoted, aimed at the optimal satisfaction of different 
development goals, will be addressed in the following section. As earlier 
mentioned, the results delivered from the identification process will certainly 
depend on the approach used.  Different results may be delivered if a  key sector 
is not only defined  in a purely linkage-based approach, but also by considering  
some other relevant characteristics corresponding to the intended development 
goals. The adoption of the concept of sustainable development in the  alternative  
approach  implies that the  notion of a  key sector should also  embody  the 
characteristics corresponding to economic, social, technological and 
environmental aspects. Applying the developed approach to defining and 
identifying the key sectors of an economy,  recent work has tried to rank the 
aggregated 26 sectors of the Indonesian economy according to their degree of 
achievement in satisfying key criteria. Using input-output data from  1990 and 
1995 for Indonesia, and by considering all the key criteria associated with  the 
intended development goals, including their importance, the sectoral ranking of 
the Indonesian economy can be summarized in Table 7-3. 
 
The application of a fuzzy-MADM approach for key sector identification can 
successfully identify the  key sectors of the economy, which comprise  primary, 
secondary as well as tertiary sectors. Evaluating the ranking of sectors of 1990 
and 1995, there are some interesting features can be identified.
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Table 7-3:  The key sectors of the Indonesian economy, 1990 and 1995 
 
Sector 1990 1995 No. 
 Crisp 
value 
Rank Linguistic term Crisp 
value 
Rank Linguistic term 
 Primary sector 
1. Food crops 0,79732 1 Satisfactory 0,74924 5 Satisfactory 
2. Other agriculture   0,41444 16 Slightly 
satisfactory 
0,61458 11 Less satisfactory 
3. Livestock   0,74700 4 Satisfactory 0,55226 15 Less satisfactory 
4. Forestry   0,43476 15 Slightly 
satisfactory  
0,46438 19 Slightly 
satisfactory 
5. Fishery   0,51136 13 Slightly 
satisfactory 
0,47972 18 Slightly 
satisfactory 
6. Oil and gas  mining 0,70322 7 Satisfactory 0,50000 17 Less satisfactory 
7. Non oil and gas 
mining, Quarrying  
0,67332 8 Less satisfactory 0,62044 10 Less satisfactory 
 Secondary sector 
8. Oil and  gas 
Industry  
0,74206 6 Satisfactory 0,73072 7 Satisfactory 
9. Food  industry  0,75000 3 Satisfactory 0,84354 2 Very satisfactory 
10. Textile industry  0,75000 3 Satisfactory 0,75000 4 Satisfactory 
11. Wood Industry  0,65446 9 Less satisfactory 0,60504 12 Less satisfactory 
12. Paper industry  0,60000 12 Less satisfactory 0,66896 8 Less satisfactory 
13. Chemical industry  0,74218 5 Satisfactory 0,73098 6 Satisfactory 
14. Non-metal mineral 
industry 
0,60000 12 Less satisfactory 0,60000 14 Less satisfactory 
15. Basic metal 
industry 
0,60000 12 Less satisfactory 0,60000 14 Less satisfactory 
16. Metal Goods 
Industry  
0,60432 11 Less satisfactory 0,75000 4 Satisfactory 
17. Other industry  0,60000 12 Less satisfactory 0,60000 14 Less satisfactory 
 Tertiary sector 
18. Electricity, gas and 
water  
0,50756 14 Satisfactory 0,54814 16 Less satisfactory 
19. Construction  0,75000 3 Satisfactory 0,75000 4 Satisfactory 
20. Trade  0,78006 2 Satisfactory 0,77848 1 Satisfactory 
21. Hotel and 
restaurant  
0,75000 3 Satisfactory 0,75000 3 Satisfactory 
22. Transport and  
communication  
0,75000 3 Satisfactory 0,84632 4 Very satisfactory 
23. Finance  0,62784 10 Less satisfactory 0,75000 1 Satisfactory 
24. Government and   
public service   
0,60000 12 Less Satisfactory 0,60192 4 Less satisfactory 
25. Other services   0,60000 12 Less satisfactory 0,65604 9 Less satisfactory 
26. Unspecified  
sectors 
0,39728 17 Less satisfactory 0,39724 20 Less satisfactory 
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Some key sectors are identified for 1990, comprising  primary sector, secondary 
sector as well as tertiary sector. Food crops, livestock and oil and gas mining  
can be attributed to key sectors of the  primary sector. Four out of eleven  
sectors qualify as key sectors belonging  to the secondary sector, comprising oil 
and gas industry, food industry, textile industry and  chemical industry. 
Construction, trade, hotel and restaurant and transport and communication are 
key sectors from the service sectors.  These sectors together play a very 
significant role in the economy that accounted for 68.45 percent in terms of 
GDP and 72.28 percent in terms of employment. 
 
Applying the data for 1995, a slightly different result is obtained. Nine of eleven  
previously identified sectors still maintain their roles as key sectors of the 
economy. These sectors comprise  food crops as the only key sector from 
primary sector, followed by oil and gas industry, food industry, textile industry 
and chemical industry as key sectors from the secondary sector and  constuction, 
trade, hotel and restaurant and transport and telecommunications as key sectors 
from the tertiary sector. Two primary sectors, namely livestock and oil and gas 
lose their role as key sector, and,  at the same time, metal goods industry and  
finance emerge as new leading sectors of the economy. The role played by the 
identified key sectors of  1995 has increased to 72.34 percent in terms of 
production,  but has decreased to 69.59 percent in terms of employment.  The  
shift  of key sector from  primary to secondary and tertiary sectors is 
accompanied by increasing productivity indicated  by  rising contribution to 
national GDP and decreasing number of labors involved.   
 
The primary sector, such as food crops, qualifies as a key sector of the economy 
which can mainly  be attributed to its role in providing a great number of 
employment opportunities, as a source of income for the most needy people and 
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also contributing to a moderate level of the  GDP. The results  clearly meet with 
the intuitive expectation corresponding to a "high" contribution in solving the 
increasing unemployment problem. The agricultural  sector, which until recently 
was one of the most labor-intensive sectors of the economy, is the biggest 
contributor for employment opportunities for the unemployed people. Food 
crops  provided 41.5 percent and 38 percent of the total employment in 
Indonesia for 1990 and 1995, respectively. Indeed, in terms of other criteria, 
such as productivity, foreign earnings or linkage effects, these sectors have an 
inferior performance, but these can be balanced by allowing some trade-off with 
the relative better performances in employment distribution of income and the 
maintaining of regional development.  This role is very important for 
consideration in particular for this country, where an acute unemployment 
problem persists and disparity in the  levels of development between regions still 
exists. 
 
As expected, most of the  key sectors of the Indonesian economy belong to the 
industrial sectors, comprising  the oil and gas industry, the food industry, the 
textile industry and the chemical industry, and the metal goods industry. These 
sectors have similarities in terms of high linkage effects, both for backward and 
forward linkages, experiencing high growth rates far above the average of the 
economy, providing  a major contribution to foreign earnings and operating  
with higher productivity than other sectors in the economy. Key sectors from the 
secondary sector were responsible for more than 33 and 35  percent of the GDP 
both in 1990 and 1995, respectively,  with the increasing the number of sectors 
eligible as key sectors from four to five sectors. The food industry itself plays an 
extraordinary role, producing almost 12 percent of the GDP in 1995, which  can 
be attributed to the highest contribution from a single sector of the economy.  
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Conducive and favorable macro-economic conditions during the period under 
study were the major reason for high and sustained growth rates experienced by 
the industrial sectors. The industrial sectors have become the major engine of 
development in Indonesia as documented by their contribution to the foreign 
earnings and to increasing productivity. These superior performances have 
certainly contributed to the better results of the global assessment indicating 
their achievement in satisfying the criteria of key sectors.  The spectacular 
increase in manufacturing exports can be attributed to the higher competitive 
attainment of the respective sector over their rivals in international markets. 
Resource-based and labor-intensive industrial sectors, such as the oil and gas, 
the food and textile industries, as expected, have played a leading role in 
expanding  exports.  These facts clearly justify the a priori assumption that, as a 
resources and labor-abundant country, Indonesia has a comparative advantage in 
the resource-based and labor-intensive sectors. However, it should be noted that 
the competitiveness of labor is particularly focused on low-skill labor, that is 
only suitable for supporting the development of light industry. The abundance of 
resources endowment  also provides additional advantages for the resource - 
based products, such as  oil and gas, food and other related industries.   The 
crucial role played by these sectors is expected to be continued in the near future 
through the sustained growth as experienced in the past years in concurrence 
with the decreasing of the contribution of the primary sectors.  
 
From the tertiary sector, construction, trade, hotel and restaurant and 
communications and transportation are among those identified as key sectors of 
the economy. Reducing trade barriers, and increasing product competitiveness 
has  certainly led to the high performance of the trade sector mainly in 
contributing to the increasing share of the  GDP, employment and foreign 
earnings. The contribution of the  trade sector to the  GDP  accounted for 8 
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percent in 1995, which simultaneously contributed to more than 15 percent of 
employment. Therefore, the trade sector can be attributed to  the second biggest 
contributor to employment of the Indonesian economy. The qualification of 
hotel and restaurant, transportation and communication as key sectors of the 
Indonesian economy is believed to be due to the positive effects of the 
increasing income of the population and the blossoming of the world tourist 
industry.  
 
Obviously, the ranking  of sectors has slightly changed over the period under 
study, reflecting the structural change occurring  in the Indonesian economy. As 
the economy becomes more diversified, the role of particular sectors in  
contributing to the GDP, employment, foreign exchange and other criteria may  
change. Moreover, the shift of key sectors of the economy may also be a 
response to the changing priorities of the development objectives and changing 
on international environment.   
 
The results also reveal that agriculture and sectors strongly linked to agriculture, 
such as food processing,  are generally associated with a high ratio of jobs per 
unit of output. However, one cannot always assume that the sectors that 
stimulate a great amount of employment per unit of output are those that can 
maximize job creation for a given amount of capital. The results of the study 
also reveal that many modern industrial sectors are associated with low job 
creation per unit of capital. Sectors such as chemical, basic metal and metal 
goods  are ranked among the worst in terms of generating employment 
capability.  
 
In terms of distributive performance, it is indicated that textiles, chemicals and 
the metal goods industry and service sectors are associated with a high degree of 
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income distribution. Although labor intensity is usually associated with an even 
distributive performance, this is not always the case.  Moreover, a  fairer 
distribution of income does not necessarily mean that the people engaged in 
these sectors are better off, due to the low level of wages received by the 
employed people. Thus, when promoting labor-intensive sectors, this  should be 
accompanied by  efforts to provide employment opportunities offering more 
productive and better-paid jobs.  
 
The results of this study have documented some interesting insights into the 
distributive impact of structural adjustment in the Indonesian economy.  As the 
economy becomes more open and diversified, it is reasonable to expect that the 
sectoral allocation of production would  alter in favor of those sectors of  which 
Indonesia enjoys a comparative advantage, such as labor-intensive and 
resources-based. Given the positive correlation between performance in  
efficiency, employment, and income equality, the shifting policy in favor of 
resource-based and labor-intensive activities will contribute to greater income 
equality.  
 
7.4 Policy Implications for Future Development 
 
Economic policymaking involves both building consensus in defining national 
economic objectives and the sharing of reliable information among decision-
makers with respect to intended development goals, the strategy to be pursued 
and the circumstances of the economic environment. Throughout the period 
covered by the study, the objectives and strategies of national economic 
development were also varied, indicating a response to the changing 
environment and priority corresponding to the urgency of the problem to be 
solved. In assessing the sectoral performances, the decision makers play critical 
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roles in interpreting the policy implications and evaluating policy directions 
derived as short- and long- term policy on economy development. At the same 
time, socio-cultural constraints were given enough attention in the analysis of 
the development because policy makers viewed the core problem as not being 
purely related to  economic issues.  
 
The conclusion drawn from the application of the alternative approach is that 
fuzzy-MADM can rationally define and effectively identify the key sectors of an 
economy. This method also shows its flexibility in adapting to the changes in 
perception and the preferences of decision makers concerning certain criterion, 
and thus leading  to the results as intuitively expected.  The actual interpretation 
of certain criteria may depend on the prevailing economic environment, the 
urgency of the problem and the preference function of the decision maker. The 
results suggest that it is still possible to make a compromise decision aimed at 
simultaneously achieving  reasonable growth, contributing to more foreign 
earnings, better distribution of income, providing more jobs, reducing regional 
disparities and preserving the environment as advocated by [Clements, 1991, p. 
12].  
 
At any period of time, it appears to be true that sustained economic growth is 
maintained as the result of rapid expansion in a limited number of key sectors 
[Rostow, 1960, p. 56]. However, it should be noted that leading sectors in a 
developing country do not necessary repeat the classic pattern of industrialized 
countries, while these may be country-specific. In terms of employment 
generation, the results demonstrate that many sectors, mainly the primary and 
service sectors are providing better potential for employment creation, but 
unfortunately, their productivity is still lower than those of industrial sectors.   
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Nevertheless, it can be concluded that successful economic management is 
possible only when the aforementioned factors work in the same direction, so 
that they play complementary and mutually reinforcing roles in achieving 
development goals. Recent experiences surely demonstrate that the economic 
development now relies primarily on the ability to implement,  rather than on the 
decision making capacity. Regardless of the nature of a decision, the 
commitment to implementation is essential to the success of economic 
management, especially in the building of a consensus in the policymaking and 
implementation processes. 
 
The results from the alternative approach also reveal that there are some 
important differences between the key sectors from the standpoint of linkages 
and multi-criteria approaches.  Sectors that generate relatively high linkages 
may not always perform favorably in terms of other objectives or criteria, such 
as low import dependence and high employment generation. Moreover, sectors 
with high linkages per unit of output tend to perform poorly on those grounds 
that are also associated with a high reliance on imported inputs. A development 
strategy promoting sectors with high backward linkage may provide a favorable 
impact on employment generation, but there is no reason to assume that this will 
lead to a more efficient allocation of resources and reducing of import 
requirements. The fact that most of the secondary sectors have a relatively 
higher rank than those of the primary and tertiary sectors  also indicates that 
policy makers in Indonesia still keep the capital-intensive industrial sector as a 
major engine for economic growth rather than labor-intensive sectors. The 
implication of this policy is predictable: that promotion of a capital-intensive 
sector will create only a limited number of new employment opportunities even 
though the output in these sectors will expand dramatically. 
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The implications for  sectoral ranking are obvious: that if the growth of overall 
output becomes the ultimate goal, the industrial sectors will be generally ranked 
high and agricultural or other primary sectors would appear to be ranked low. 
The opposite result would be obtained if  development were more focused on 
solving the unemployment problem.  It implies  that development strategy based 
on the policy of developing non-agricultural sectors is likely to be less 
satisfactory in terms of employment generation and income distribution. On 
other hand, focusing only on agricultural or primary sectors may result in  a 
development that provides not enough capability to sustain long term production 
and income growth. 
 
The dilemma faced during the planning process for national development is how 
to deal with the question of whether more focusing on high growth rate of output 
or a turnaround  toward more emphasis on the other development aspects 
relating to other economic, social and environmental goals is preferable. 
Referring to the experiences of other countries that have successfully achieved 
high growth and equity in income distribution simultaneously, it is likely that 
Indonesia cannot realize its goals until it changes the style and direction of 
development.  Indeed, it is very clear that  fairer distribution of income is one of 
the main goals of development, but this goal has not been reflected in the 
allocation of resources to the low income groups or to the sectors with low 
potential for growth, such as agriculture.   
 
The promotion of the agricultural sectors is justified only when it is directed 
towards solving the  unemployment problem that is simultaneously 
accompanied by the effort to improve productivity in order to increase  
competitiveness. Only with higher productivity, does  agriculture have the 
prospect of becoming one of the key sectors of the economy and thus providing  
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a meaningful contribution to the effort in reducing the poverty spread among the 
population. Regarding  the aim of  increasing the level and distribution of 
income, the most feasible  and fastest way is to support the increase of the 
sector’s productivity rather than creating new employment opportunities or 
moving to the high productivity activities but with a low employment absorption 
capability. Obviously, a shift in the output mix from non-agricultural to 
agricultural sectors would help reduce unemployment, but such a policy may be 
hazardous from the point of view of long-run sustained production growth. On 
the  other hand, an industrialization strategy focused on the development of non-
agricultural sectors would be constrained by a lack of employment generation 
capability.   
 
In developing countries, the objective of providing a source of income through 
employment creation can be attributed to  one of the highest objectives of 
development, far above  competitiveness or productivity objectives.  The 
increasing magnitude of the potential problem of unemployment should be 
responded to by a  continuing policy of  encouraging investment in labor-
intensive sectors.  However, it should be kept in mind that for the  longer term, 
the improvement of the efficiency and productivity of the economic sectors 
should be given appropriate attention. This consideration must be borne in mind 
that in the formulation of development policy aimed at achieving a long term 
sustained economic growth and reducing poverty incidence as well as the  
unemployment problem, a compromise solution should be reached. 
 
In the  medium term, the agriculture sector will still play a crucial role during 
the process of economic development, particularly in providing a form of safety 
net income source, for the potentially unemployed people. However, there is 
only a little chance of employing productively substantial numbers of additional 
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people in the agricultural sector, as is evident from the  low levels of its 
productivity. The development of agriculture in recent years was constrained by 
the dependence on major agricultural products, such as rice, the conversion of 
agricultural fields into industrial or settlement areas and the lack of new 
extension programs. Therefore, the diversification of  crops, intensification of 
production and extension of agricultural sector into Outer Java should remain a 
major goal for long-term agriculture development.  
 
There is  great potential for the  agricultural sector  becoming one of the key 
sectors in achieving take-off into sustained growth. The improvement of the 
productivity of the traditional sectors is  becoming  the most feasible, effective 
and fast way to increase  the population income in order to achieve a better 
standard of living  and wellbeing.  Advantages should be taken from the 
favorable international market environment for agricultural exports and 
domestic opportunities for import substitution to achieve self-sufficiency, 
especially for basic food commodities. Moreover, the manufacturing sectors 
must reduce their reliance on large enterprises and at the same time encourage 
the emergence of small- and medium-sized manufacturing enterprises, which are 
likely to develop stronger domestic linkages and provide more employment 
opportunities. 
 
The size, distribution, remoteness, and cultural characteristics of the population 
create many constraints and challenges to Indonesia's development efforts. This 
has also made it necessary from the beginning to adopt a systematic approach to 
development strategy including the careful preparation, implementation and 
monitoring of plans. Regional development should be designed to improve the 
efficiency of the regions, promote more equity and maximize their potential in 
contributing to national development. More balanced development between 
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urban and rural areas regions will allow the differences of income to be  
narrowed down and this will reduce the urbanization and other related problems 
in rural as well as urban areas.  
 
The recent economic crisis has brought to the surface several weaknesses in the 
implementation of national economic development in Indonesia, which are 
unbalanced among sectors and regions, thus making the economy very 
vulnerable. The economy is characterized by a high concentration in particular 
sectors, being dependent on imported inputs, having a high unemployment rate, 
not using   the available capacity and having an excessive burden of foreign 
debts beyond its capacity which hinders  further sound economic development.  
Obviously, the current economic crisis has had a profound impact on the 
employment and income situation, which is certainly leading  to further social 
related problems, such as increasing poverty among the population. To deal with 
this issue,  comprehensive measures to adjust ongoing policies where necessary 
may be needed, including  policies such as the export drive, the reduction of  
import dependence, the opening up of new employment opportunities, the 
increasing of productivity and income.  
 
From the employment perspective, Indonesia as a labor-abundant country should 
renew its industrialization strategy through the promotion of sectors that 
increase the employment absorption capability by encouraging the creation of 
productive, labor- intensive activities, the promotion of export-oriented sectors, 
including the choice of appropriate technology. The pursuance of such strategic 
issues is suggested for future development, due to larger direct and indirect 
multiplier effects, particularly in creating more productive employment 
opportunities, providing sources of income and poverty alleviation. Another 
important issue to be addressed is the improvement in the quality of human 
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resources through education and training programs or other similar activities to 
provide the basic skills required for  working in the modern sectors of the 
economy. However, it should be noted that the medium and long term solutions 
to the problems of unemployment and poverty alleviation can be found only in 
the context of sustained economic growth, which simultaneously contributes to 
more productive employment creation and better income generation capability.   
 
A fundamental condition for continuing robust economic growth will be a stable 
macro-economic environment, including the  keeping of external borrowing 
within acceptable limits. Incentives to create jobs and increase the efficiency and  
effectiveness of markets and the response of the private sector will become 
increasingly important policy issues. Growth strategies will need to be adapted 
to some fundamental qualitative shifts in the growth process as well as to 
continuing structural transformations in the economy. The qualitative shifts will 
include recognition of the need for improvements in efficiency and productivity 
as a source of growth, while the key transformation issue will be the progressive 
shift from quantity to quality in goods and services.  At the same time, the 
structure of production will shift gradually downstream towards more 
processing and value-added manufacturing in response to incentives and 
markets. Special attention should be given to  considering the effects of 
government policies on economic growth and structural changes, due to the fact 
that overall output growth is multi-factor driven rather than single-factor led. 
The remarkable rise in the input-output coefficient clearly documents a 
deepening and strengthening of the interdependence between economic sectors 
over the period under study.   
 
Based on the expected economic growth rate of between 5 - 7 percent from 2000 
to 2004, as projected by the National Development Planning Agency, the 
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Indonesian economy will be able to generate  less than only 2 million new 
employment opportunities for 2.5 –2.9 million new entrants into the labor 
market annually [Bappenas, 2000]. With the assumption that the employment 
elasticity and the growth of the labor force will follow the same previous 
patterns, it seems that even with a growth rate higher than before the crisis, the 
economy still will not able to generate sufficient employment opportunities for 
the growing labor force. This situation clearly indicates that in the medium term, 
the problems of unemployment and poverty will still persist. This expectation 
provides a clear warning signal, that unless special attention is devoted to it, the 
problem of unemployment and poverty will get worse with the accumulation of 
the backlog of open unemployment and underemployment.  
 
The aggregate projection indicates that around 10.7 million people will be 
openly unemployed in the year 2004, that means around 10 percent of the 
unemployment rate [Bappenas, 2000]. Even without considering the cumulative 
unemployment backlog, the new employment opportunities created annually can 
provide jobs for  less than only two thirds of the new entrants. To achieve  full 
employment with the current value of employment elasticity, the economy 
should grow by 12 percent yearly, which seems unlikely to happen. Without 
introducing new development policies that are more employment-friendly,  
unemployment and other related problems will become increasingly complex 
and difficult to solve in the future. Therefore, the appropriate strategies and 
policies are needed to increase the employment elasticity of the economy by 
giving more priority to the sectors with the highest potential for labor absorption 
and which generate more added values. 
 
The dilemma faced by the economic development in Indonesia is by no means a 
purely economic aspect, although it involves genuine economic choices.  The 
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decisions being made will have far-reaching effects on the economy as well as 
on social, technological and environmental aspects. Another dilemma closely 
related to the development strategy is concerning  the problem of 
industrialization, including the question of its sustainability. An other important 
choice that has to be made is whether Indonesia should orient its economic 
policy toward the foreign market or primarily toward the domestic market, while 
it will determine the pattern of sectoral growth for the near future 
[Mangkusuwondo, 1973, p. 35].  The industrialization focusing on foreign 
markets will assure  a larger growing market, but it also means that industries 
have to be competitive internationally, and this would be unlikely with 
protective policies. On the other hand, if the choice is oriented toward the 
domestic market, then Indonesia could easily embark on protective policies that 
are also suitable for the promotion of indigenous entrepreneurs.  However, these 
policies normally create inefficient and high costs with a consequent waste of 
resources and in the long run will face serious problems, particularly when the 
domestic market becomes saturated.  Moreover, once embarking on the 
domestic market, it  will be extremely difficult to change the orientation of those 
activities from the domestic market toward markets abroad. Unless the correct 
decisions are made now, Indonesia will be faced with lots of problems with its 
sectors in the future, mainly concerned with the determination of the direction 
and extent of its future growth. 
 
Although it is readily understandable that national economic planning should 
intend to solve the economic, social and environmental problems of the country, 
the actual accomplishments of development planning have, with some 
exceptions, failed to fulfill original expectations.  The difficulties of planning 
have only too often been underestimated, and the anticipated results  
overestimated. Therefore, development planning in practice has clearly revealed 
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a need to improve upon its formulation and implementation [Meier, 1964, pp. 
561-564]. In summary, it is becoming clear that at a particular period, any 
country will be faced with a number of important choices to direct its 
development. The nature of the choices is such that they will affect not only the 
pattern of economic growth but also the political, social, and other aspects of 
nation building. Moreover, the responses to the increasing integration of the 
world economy and the growing concern of global environmental issues have 
added a new dimension to the development strategy.   Indonesia today is 
confronted with these kinds of critical development issues that become more 
difficult due to the special features of the country.  
 
The formulation of an economic development plan is bound to be difficult in as 
far as there is no theory of development that can be readily translated into a 
development program.  All the theories of development, Classical, Marxian, 
Schumpeterian, Neo- Keynesian, are simply ways of looking systematically at 
the general development process. The formulation of development plans has 
certainly improved with increasing attention given to the consistency and 
coordination of decisions, to the indirect effects and to projections and targets to 
be realized. But the ability to formulate a development plan has also been 
severely limited by the lack of requisite data.  Economic policy measures 
necessarily assume quantitative estimations for their formulation and for the 
evaluation of their effects but are sometimes hampered when the existence of 
historical statistics is under question and the measurement of key variables is 
deficient.  While there has been progress in overcoming the deficiencies in 
empirical information and in improving planning methods, there is still a 
tendency to expect too much from a planning model.   
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It is sometimes thought that a planning model can remove or simplify the hard 
choices of development policy and provide a definitive set of decision rules that 
can serve as specific guides to action for the policymaker.  Regardless of 
improvements in the evolution of planning models, the decision-maker cannot 
escape from the making of value judgments, and political decisions are still 
required, both for establishing objectives and for selecting alternatives. A 
conflict among multiple objectives is frequently encountered in multi-attribute 
decision making, and it is becoming necessary to decide which objective should 
receive the appropriate weight.  For each alternative, there is also likely to be a 
non-economic criterion, and while a planning model might point to the 
economic and non-economic consequences of different policy decisions, all of 
the relevant criteria (economic and non-economic) should be taken into 
consideration. Thus, although development planners can contribute some 
illumination to the ultimate choice of policy by determining a range of 
alternative feasible programs and by showing the consequences for each 
alternative, nonetheless, the economist alone cannot determine an optimum 
program while the ultimate decision is political.  
 
The records of development policies in many developing countries make it clear 
that problems of implementing a development plan now need to receive even 
more attention than problems of formulation.  The better performance of 
development planning in an advanced country is not to be attributed so much to 
a more incisive understanding of economic policy, but to the greater ability to 
execute policies effectively.  The governments of many newly developing 
nations have fairly rapidly attained an understanding of what development 
measures might be taken, but the capacity to implement these policies has 
remained limited. The fact that a development plan may satisfy the efficiency 
and consistency on paper but fail in practice may be attributed  to incapability of 
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the government to implement it, part of them may be due to the lack of political 
leadership and authority. The organization of public administration in many 
developing countries still tends to be limited to  the complex operation of 
economic activities and this severely hampers the implementation of the 
development plan. The implementation of a development plan also tends to be 
extremely difficult when its formulation has been based upon the experiences of 
the most advanced economics without considering the specific features of the 
nation. Given their present circumstances, most developing countries might 
benefit more from the sound application of fundamental elementary principles of 
economics rather than from attempts to use the highest style theory.  
 
The temptation to use the highest level of analysis also reinforces the tendency 
to neglect the non-economic components of the development process.  The more 
rigorous is the economic analysis, the less it is  able to incorporate non-
economic elements such as by considering the political, cultural and 
environmental changes. Economic progress will not occur unless the 
environment is favorable and conducive to it.  The people of the country must 
desire progress and their social, economic, legal and political institution must 
favorable to it. For a country that is still at an early phase of development, it is 
especially important that attention first be given to whether the total 
environment is favorable for development, before concentrating on the purely 
economic factors.  Unless this is done, there is little likelihood of effective 
implementation of policies designed to remove the economic barriers to 
development.  
 
In practice, most  development planning in developing countries has tended to 
be too investment centered, biased toward industrial sectors and import-
dependent, which may neglect the problems of unemployment and distribution 
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of income. It may also lead to inefficient industrialization that is handicapped by 
technical difficulties and excess capacity and has slighted the strategic 
importance of agricultural growth and export expansion. 
 
In contrast with their earlier enthusiasm for comprehensive centralized planning, 
a number of countries are now attempting to place more reliance on 
decentralized regulation and are giving more emphasis to the improvement and 
guidance of the market mechanism.  In this type of planning, the initial 
objectives may be to achieve the maximum utilization of existing resources, 
increase investment in the areas of social overhead and economic overhead, and 
effect agrarian reforms-rather than to concentrate on a forced take-off and high 
speed development. The special recognition of the need to increase the 
marketable surplus of agriculture products is of fundamental importance for 
financing  further development.  Government policies are emphasizing more the 
strengthening of the general conditions for development by providing social and 
economic overhead capital and establishing new domestic as well as export 
markets. While light industry may be promoted, the development of capital-
intensive heavy industry awaits the more gradual inducement from the progress 
of agriculture.  As development proceeds, the economy may also be expected to 
use capital more effectively, and capital formation should result from the 
increase in income. It is widely recognized  that this type of planning conforms 
better to the present needs and capabilities of most developing countries.  It is 
predicated upon policy requirements that should prove possible to implement. 
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8 CONCLUSIONS AND RECOMMENDATIONS 
 
8.1 Conclusions 
 
The identification of key sectors is by no means simple; due to the 
inappropriateness and incomprehensiveness of the classic methods in dealing 
with the problem of interpreting the notion of the key sectors of an  economy. 
The fact that high linkage effects are not always accompanied by the other 
desired criteria has clearly indicated the failure of the classic methods to meet 
with the demand  for plausible, comprehensive and compromising results. It 
implies that the strategic point of view does not lie in the exploitation of the 
classic methods, but rather in the development of a more appropriate method as 
a response to the increasing complexity and imprecision involved in the decision 
situation.  
 
The adoption of the normative concept of sustainable development has certainly 
led to the consequence that the corresponding criteria relating to economic, 
social and environmental concerns must be taken  into  consideration. It 
provides an interesting insight into  the development approach, which is highly 
crucial for responding to the dynamic and continuous changes in the needs of 
the people as well as in the economic environment. Accordingly, the 
identification of key sectors can be seen as a MADM problem aimed at selecting 
or ranking  discrete sectors of an economy, involving multiple objectives to 
provide the best overall performances according to the development goals.  
Unfortunately, the nature of  such a decision becomes more complex,  not only 
due to the increasing  number of attributes to be considered, but also due to  the 
existence of qualitative and imprecise information, as well as to the hierarchical 
structure and conflicting goals.  
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Confronted with the need  to consider a large number of criteria, it is highly  
crucial that an assessment be carried out regarding what criteria seem to be the  
most relevant to be taken into account. In a complex decision situation, where 
the relevant criteria are still quite abstract, the corresponding criteria should be 
derived from the available goals into sub criteria at a  lower level until a 
measurable  criterion is reached. Unfortunately, some decision criteria are 
sometimes much too complex and thus very difficult, if not impossible, to  
measured quantitatively.  For such cases, qualitative measures or linguistic terms 
are often recognized as the most realistic and effective  way to represent the 
whole  content of  the measurement, while still enabling the carrying out of  
information processing  using available data-processing tools. Due to the 
context-specific and  fuzzy in nature, it may be that, during the process of 
planning for sustainable development, it is very difficult to arrive at a 
straightforward judgment and unambiguous choice of selected key sectors. 
Moreover, it should be noted that the performance level  and the importance of 
the derived strategic criteria may be country-specific and may vary over time, 
which are closely related to the urgency of the problems, the availability of 
resources, the pursued development strategy and, more importantly, to the stage 
or level of a country’s development. According to the concept of sustainable 
development, a key sector is defined as a sector that is economically viable, 
technologically appropriate, socially acceptable and environmentally 
sustainable.  
 
The research area concerning fuzzy MADM is relatively new and challenging 
from both a theoretical and practical point of view.  Until recently, a great  
amount of research on fuzzy MADM has been carried out and applied in 
different fields of study. In general, the fuzzy MADM approach can be classified 
into two main groups.  The first group is represented by the crisp approach to a  
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fuzzy MADM problem.  Most of the applications belonging  to this group are 
characterized mainly by  the conversion of qualitative data or  linguistic terms 
into crisp data.  As all data have been quantified,  any suitable classical MADM 
method can be applied to solve the ranking problem of the available alternatives.  
Another group can be attributed to the  fuzzy approach to a  fuzzy MADM 
problem, which is characterized by the use of a fuzzy rule-base inference 
system, in which all inputs are fuzzified to enable the inference process.  The 
inference system is expressed  by a fuzzy rule-base system  involving multi-
inputs single-output systems (MISO). The inferences generally comprise  two 
main components, namely the IF portion, representing the antecedents or 
premise aggregation, and the  THEN portion, referring to the consequent or 
aggregated result. This collection of fuzzy rules characterizes the behavior  of 
the system in  a linguistic form that is also close to the way of human thought  in 
responding to a given decision situation. Finally, the defuzzification process is 
applied to convert the aggregated result which is expressed linguistically as a  
crisp ranking.  
 
Classic multi-criteria decision making models have proven very effective in 
tackling decision problems containing crisp data but, unfortunately, they are 
generally inadequate for dealing with situations where imprecision and 
vagueness are present. In many cases, qualitative and hard to quantify  criteria 
are simply omitted  from the consideration in the classic MADM methods, due 
to  difficulty in measuring or expressing quantitatively, regardless of the wide 
recognition of the relevancy for  considering the respected criteria. The 
application of fuzzy set theory in the field of multi-criteria decision making 
clearly provides an additional advantage, due to its being specifically designed 
to enable  dealing with a decision situation in which  complexity and fuzziness 
are involved. This approach seems to be more suitable for dealing with the 
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complex decision situation, as characterized  by the inability of a decision maker 
to  express the performance’s value or the importance with respect to certain 
criterion quantitatively. As a comprehensive approach, it facilitates the 
assessment of the related criteria and encapsulates the complex, interacting 
attributes.  Therefore, it is supposed to provide a more reliable and appropriate 
approach for dealing with some basic problems encountered in the defining of 
and identifying of the key sectors of an economy.  
 
The alternative approach developed in  this thesis has demonstrated its relevancy 
in supporting the decision maker in dealing  with the complex decision problems 
involved in the key sector identification of an economy. Contrasting with the 
classic methods,  the proposed approach provides some advantages, as 
demonstrated by its superiority in  providing a more realistic approach and 
broader perspective in interpreting the notion of key sectors. It allows the 
consideration of all relevant criteria corresponding to the intended goals, some 
of which  might be excluded in the conventional approach, and thus provides a 
more reliable estimate about the decision situation. Moreover, it makes it 
possible for the decision maker to consider  trade-off  between criteria, leading 
to  rational judgement and  a more satisfactory result than the existing methods 
so far employed.  
 
It can be concluded that the fuzzy MADM approach  represents a new,  
promising and challenging research area with a wide field of potential 
applications including  the economic field.  The results presented in this work 
show that the application of the fuzzy-MADM approach can rationally define 
and effectively identify the  key sectors of an economy. The findings obtained 
from this study are very valuable in establishing the strategic framework for 
sectoral promotion policies, which should be adopted  by the governing body 
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responsible for development planning. In the case of the Indonesian economy,  
the results of the empirical identification of the key sectors reveal that key 
sectors cannot be exclusively associated with modern industrial sectors. It also 
suggests that there might be a conflict in a development strategy that 
simultaneously attempts to maximize all the development goals, and it thus 
underlines the need for considering trade-off between objectives in order to 
arrive at a rational and acceptable compromise solution. 
  
8.2 Recommendations for Further Research 
 
Some  potential extension for further research, can be  described as follows: 
 
a. To extend  the developed decision aid to a group-decision support system to 
cater for the involvement of  many decision makers from different related 
institutions for the planning for  sustainable development.  The extension into 
a fuzzy –group-decision making is likely to offer a more rational approach to 
the real situation corresponding to the decision making process than the 
classic method of group-decision making so far employed does. 
 
b.   Since the actual perception embodied in the notion of key sector may change 
according to the dynamics of macro-economic  conditions and the urgency of 
the problem to be solved, the derivation of the related strategic criteria 
should be done by considering the intended development goals. The criteria 
supposed to have a strategic role in the decision process should be further 
investigated,  since these criteria may be varied as the decision situation and 
the subjective preference of the decision maker change.  After having 
selected which optimal or best option of  sectors is to be promoted for 
developing the nation’s economy, then details of the allocation of the 
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available resources can be closely examined. Through analyzing these related 
criteria, one can be assured that the requirements for satisfying the economic, 
social, technological and environmental concerns can be realized. However, 
as the number of decision makers as well as the criteria to be considered 
increase, so the number of criteria or the number of considered options for 
improvement and  the complexity of the problem increase. 
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Appendix 1: Sector  aggregation  for the  Indonesian economy 
 
No. Sector Description 
Primary sector 
1. Food crops  Paddy, beans, maize, root  crops, vegetables and fruits,  
other food crops 
2. Other agriculture   Rubber, sugarcane, coconut, palm oil, tobacco, coffee, tea, 
clove, floriculture, other estate crops,  
3. Livestock   Livestock, slaughtering, poultry and its product 
4. Forestry   Wood, other forest products 
5. Fishery   Fishery 
6. Oil and gas  mining Crude oil, natural gas and geothermal mining 
7. Non-nil and gas mining, 
quarrying  
Coal and metal ore mining, other mining and quarrying 
Secondary sectors 
8. Oil and  gas industry  Petroleum refinery 
9. Food  industry  Food processing  and preserving, manufacture of oil and 
fat, rice milling, flour, sugar and other food products,  
manufacture of beverages, manufacture of cigarettes 
10. Textile industry  Yarn spinning, manufacture of textile, wearing and leather 
11. Wood industry  Manufacture of  bamboo, wood and rattan products 
12. Paper industry  Manufacture of paper, paper products and cardboard 
13. Chemical industry  Manufacture of chemicals, fertilizer and pesticide 
14. Non-metal mineral 
Industry 
Manufacture of cement, plastic and rubber products, glass, 
ceramic, porcelain,  other non metallic products 
15. Basic metal industry Manufacture of basic iron and steel, non ferrous basic 
metals 
16. Metal goods industry  Manufacture of fabricated metal products, manufacture of 
machines, electrical machinery and apparatus, manufacture 
of transport equipment  and its repair 
17. Other industry  Manufacture of other products not elsewhere classified 
Tertiary sectors 
18. Electricity, gas and 
water  
Electricity, gas and water supply 
19. Construction  Construction  
20. Trade  Trade 
21. Hotel and restaurant  Hotel and restaurant 
22. Transport and  
communication  
Railway transport, road transport,  water transport, air 
transport, services allied to transport, communication 
33. Finance  Financial intermediaries, Real estate and business service 
24. Government and   
public service   
Public administration and defense, Social and community 
services 
25. Other Services   Other private community services, amusement and 
recreational services, repair shop, personal and household 
services 
26. Unspecified  sector Other activities not included in the above categories 
   Source: Central Bureau of Statistics,  Republic of Indonesia, 1998. 
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Appendix 2: Rule base system for competitiveness,  employment, GDP and 
income 
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Appendix 3: Rule base system for economic aspects and foreign earnings 
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Appendix 4: Rule base system for technology  and environment aspects 
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Appendix 5: Rule base system for social aspects 
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Appendix 6: Rule base system for feasibility, acceptability and key sector 
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Appendix 7: Example of information processing  leading to key sector indicator 
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Appendix 7: Example of information processing  leading to key sector indicator 
(continued) 
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Appendix 7: Example of information processing  leading to key sector indicator 
(continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 352
Appendix 7: Example of information processing  leading to key sector indicator 
(continued) 
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Appendix 7: Example of information processing  leading to key sector indicator 
(continued) 
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